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A BIOLUMINESCENCE RESONANCE ENERGY TRANSFER 
(BRET) FUSION MOLECULE AND METHOD OF USE 

FIELD OF THE INVENTION 

This invention pertains to the field of molecular interactions. 

5 

BACKGROUND OF THE INVENTION 

Interactions between proteins and other molecules play a key regulatory role in almost 
every biological process. Thus, many techniques have been developed to identify and 
characterize these interactions. These tools range from in vitro binding assays to library- 
10 based methods and include genetic methods such as searching for extragenic suppressors 
(Phizicky, E. M. & Fields, S., (1995) Microbiol Rev., 59, 94-123). 

One technique for assessing protein-protein interaction is based on fluorescence resonance 
energy transfer (FRET). In this process, one fluorophore (the "donor") transfers its 

15 excited-state energy to another fluorophore (the "acceptor") which usually emits 

fluorescence of a different color. According to Forster equation (Forster, T., (1948) Ann. 
Physik., 2, 55 and Forster, T., (1960) Rad. Res. SuppL, 2, 326), FRET efficiency depends 
on five parameters: (i) the overlap between the absorption spectrum of the second 
fluorophore and the emission spectrum of the first fluorophore, (ii) the relative orientation 

20 between the emission dipole of the donor and the absorption dipole of the acceptor, (iii) 
the distance between the fluorophores, (iv) the quantum yield of the donor and (v) the 
extinction coefficient of the acceptor. 

FRET has been used to assay protein-protein proximity in vitro and in vivo by chemically 
25 attaching fluorophores such as fluorescein and rhodamine to pairs of purified proteins and 
measuring fluorescence spectra of protein mixtures or cells that were microinjected with 
the labeled proteins (Adams etal, (1991) Nature, 349, 694-697). 

The cloning and expression of Green Fluorescent Protein (GFP) in heterologous systems 

1 
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opened the possibility of genetic attachment of fluorophores to proteins. In addition, the 
availability of GFP mutants with altered wavelengths (Heim etal, (1994) Proc, Natl. 
Acad Sci. USA., 91, 12501-12504) allowed their use as FRET pairs. 



5 An attractive application allowed by GFP-based FRET is the in vivo assay of protein 
interactions in organisms other than yeast. For example, fusion of GFP and BFP to the 
mammalian transcriptional factor Pit-1, showed homo-dimerization of Pit-1 in live HeLa 
cells (Periasamy, A. and Day, R. N., (1998) J. Biomed. Opt, 3, 1-7). In this type of assay, 
interactions can be examined in the proteins' native organism, such that cell-type specific 
10 modifications and/or compartmentalization of the proteins are preserved. Additionally, 
compartmentalization of these interacting proteins is potentially visible in the microscope. 

FRET, however, has several limitations. As with any fluorescence technique, 
photobleaching of the fluorophore and autofluorescence of the cells/tissue can 
15 significantly restrict the usefulness of FRET, and in highly autofluorescent tissues, FRET 
is essentially unusable. Also, if the tissue is easily damaged by the excitation light, the 
technique may be unable to give a value for healthy cells. Finally, if the cells/tissues to be 
tested are photoresponsive (e.g., retina), FRET may be impractical because as soon as a 
measurement is taken, the photoresponse may be triggered. 

20 

SUMMARY OF THE INVENTION 

In one aspect, this invention provides a bioluminescence resonance energy transfer 
(BRET) fusion molecule that comprises three components: a bioluminescent donor 
protein (BDP), a modulator, and a fluorescent acceptor molecule (FAM), wherein the 

25 FAM can accept energy from the BDP-generated luminescence when these two 

components are in an appropriate spatial relationship and in the presence of the appropriate 
substrate. The modulator can either influence the proximity/orientation of the BDP and the 
FAM and thereby the energy transfer between these two components, or it can play a 
different role in affecting the energy transfer between the BDP-generated luminescence 

30 and the FAM. An interacting factor (IF) can either change the spatial relationship between 
the FAM and the BDP by interacting with (eg., bind to) the modulator directly (thereby 
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causing either an increase or a decrease in the energy transfer between the BDP and the 
FAM) or it can interact with the modulator and in some manner enhance or quench the 
energy of the system; in either situation the interaction between the IF and the modulator 
ultimately causes in a change in the light emission (intensity and/or wavelength) from the 
5 system. 

In another aspect, this invention provides a BRET system that comprises: 1) BRET fusion 
molecule, 2) an appropriate substrate to enable the BDP to generate an activated-product 
(i.e., the BDP-generated luminescence) that can transfer energy to the FAM, and 3) an IF 
10 that interacts with the modulator to cause a change in the light emission from the system. 

In yet another aspect, this invention provides methods of using the BRET fusion molecule 
and the BRET system to assay for the availability (presence, absence, concentration, 
conformational state, bioavailability, etc) or activity of a target substance. The IF can be 

15 the target itself, or the IF can be sensitive to availability of an analyte in the system, such 
that the IF changes its interaction with the modulator in response to the availability of the 
analyte. Alternatively, determining the availability of the substrate can be the focus of the 
assay. The proximity of the components of the system might be dependent upon other 
factors in the biological assay, such as structural integrity of membrane walls, 

20 sequestration of factors by proteins, fluidity changes, pH changes, etc. 



BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 is a pictorial description of a tandem embodiment of the BRET fusion molecule 
and system wherein the BDP and the FAM are attached to spacer elements that are 
25 attached to the modulator element. 

Figure 2 is a pictorial description of a non-tandem embodiment of the BRET fusion 
molecule and system, wherein the BDP and the FAM are attached to a spacer element that 
is attached to a modulator element. 

30 

Figure 3 is a pictorial description of an embodiment of the BRET fusion molecule and 
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system, wherein the BDP and the FAM are attached by an optional spacer element and the 
modulator is attached to: (3A) the BDP such that interaction with the IF causes a change 
in the conformational state of the BDP; or (3B) the FAM, such that interaction with the IF 
causes a change in the conformational state and activity of the FAM. 

5 

Figure 4 is a pictorial description of an embodiment of the BRET fusion molecule and 
system, wherein the BDP and the FAM are attached are attached by an optional spacer 
element and the modulator is incorporated in: (4A) the BDP such that interaction with the 
IF causes a change in the activity of the BDP; or (4B) the FAM, such that interaction with 
10 the IF causes a change in the conformational state and activity of the FAM. 

Figure 5 shows the DNA sequence for the Rluc:EYFP construct (SEQ ID NO:l). 

Figure 6 shows the spectral analysis of the different Rluc/EYFP fusion configurations. 

15 

Figure 7 shows the DNA sequence for the Rluc:enterokinase:EYFP construct (SEQ ID 
NO:2). 

Figure 8 shows the results of an in vitro enterokinase assay, demonstrating that only the 
20 ratio for the construct Rluc:enterokinase:EYFP decreases over time in the presence of the 
enterokinase enzyme (E). 

Figure 9 shows the DNA sequence for the Rluc:caspase:EYFP construct (SEQ ED NO:3). 

25 Figure 10 shows apoptosis induction using staurosporine in HeLa cells transfected with the 
apoptosis Rluc:Caspase:EYFP sensor. 

Figure 11 shows a DNA sequence (SEQ ID NO:4) encoding the GFP:Riuc fusion protein 
containing a unique 14 amino acid linker region between the GFP and the Rluc. 

30 

Figure 12 shows the DNA sequence for GFPl:Caspase-3:Rluc construct (SEQ ID NO:5). 
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Figure 13 demonstrates apoptosis induction using staurosporine in HeLa cells transfected 
with the GFP1 :Caspase-3:Rluc sensor. 



Figure 14 is a pictorial description of a BRET assay using Rluc:PKA:EYFP for monitoring 
5 phosphorylation. 

Figure 15 shows the DNA sequence for the Rluc:PKA:EYFP construct (SEQ ID NO:6). 

Figure 16 shows the changes in the BRET ratio following the addition of forskolin to cells 
10 transfected with Rluc:PKA:EYFP. 

Figure 17 depicts the structure of the kemptide modulator (coding strand). The Kozak 
consensus is shown boldface type. The first methionine is shown with larger font and the 
nucleotide sequence coding for kemptide sequence is underlined. 

15 

Figure 18 shows the DNA sequence for the kemptide:GFP:Rluc construct (SEQ ID NO:7). 
Figure 19 shows the DNA sequence for the GFP:Rluc: kemptide construct (SEQ ID NO:8). 

20 DETAILED DESCRIPTION OF THE INVENTION 

Unless defined otherwise, all technical and scientific terms used herein have the same 
meaning as commonly understood by one of ordinary skill in the art to which this 
invention belongs. Generally, the nomenclature used herein and the laboratory procedures 
in spectroscopy, drug discovery, cell culture, molecular genetics, plastic manufacture, 
25 polymer chemistry, diagnostics, amino acid and nucleic acid chemistry, and sugar 
chemistry described below are those well known and commonly employed in the art. 
Standard techniques are typically used for preparation of plastics, signal detection, 
recombinant nucleic acid methods, polynucleotide synthesis, and microbial culture and 
transformation (e.g., electroporation, Calcium Chloride-heat shock). 

30 

The techniques and procedures are generally performed according to conventional 
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methods in the art and various general references (see generally, Sambrook et al. 
Molecular Cloning: A Laboratory Manual, 2d ed. (1989) Cold Spring Harbor Laboratory 
Press, Cold Spring Harbor, N.Y., and Lakowicz, J. R. Principles of Fluorescence 
Spectroscopy, New York: Plenum Press (1983) for fluorescence techniques, which are 
5 incorporated herein by reference) which are provided throughout this document. Standard 
techniques are used for chemical syntheses, chemical analyses, and biological assays. 

As employed throughout the disclosure, the following terms, unless otherwise indicated, 
shall be understood to have the following meanings: 

10 

"Bioluminescent donor protein (BDP)" refers to any protein capable of acting on a suitable 
substrate to generate luminescence. There are a number of different bioluminescent donor 
proteins that can be employed in this invention. 

15 "Fluorescent acceptor molecule (FAM)" refers to any molecule which can accept energy 
emitted as a result of the activity of a bioluminescent donor protein, and re-emit it as light 
energy. There are a number of different fluorescent acceptor molecules that can be 
employed in this invention. The FAM may be proteinaceous or non-proteinaceous. 

20 "Substrate" refers to any molecule that is employed by the bioluminescent donor protein to 
generate luminescence. 

"Modulator" means a molecule or molecules that will undergo a change in response to an 
interaction with another molecule (called interacting factor), thereby affecting the 
25 proximity and/or orientation of the bioluminescent protein and the fluorophore. The term 
"sensor" is used to denote a modulator entity that performs a specific function , this term is 
used interchangeably with modulator, in a manner that denotes equivalent concepts.. 

"Interacting factor (IF)" refers a molecule either ions, second messenger, protein, protein 
30 domain, polypeptide or peptide capable of interacting with the modulator. 

It is understood in the art that the BDP is an enzyme which converts a substrate into an 
activated product which then releases energy as it relaxes. Although the specification 
refers to the transfer of energy between the BDP and the FAM, it is understood that, 
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technically, the activated product (generated by the activity of the BDP on the substrate) is 
the source of the BDP-generated luminescence that is transferred to the FAM. For the 
purpose of this invention, the orientation of the BDP relative to the FAM when it converts 
the substrate into the activated product is a crucial factor for the appropriate function of the 
5 invention. 

"Protein" refers to include a whole protein, or fragment thereof, such as a protein domain 
or a binding site for a second messenger, co-factor, ion, etc. It can be a peptide or an 
amino acid sequence that functions as a signal for another protein in the system, such as a 
10 proteolytic cleavage site. 

"Binding pair" refers to two moieties (e.g. chemical or biochemical) that have an affinity 
for one another. Examples of binding pairs include homo-dimers, hetero-dimers, 
antigen/antibodies, lectin/avidin, target polynucleotide/probe, oligonucleotide, 
15 antibody/anti-antibody, receptor/ligand, enzyme/ligand and the like. "One member of a 
binding pair" refers to one moiety of the pair, such as an antigen or ligand. 



"Membrane-permeant derivative" refers a chemical derivative of a compound that has 
enhanced membrane permeability compared to an underivativized compound. Examples 

20 include ester, ether and carbamate derivatives. These derivatives are made better able to 
cross cell membranes, i.e. membrane permeant, because hydrophilic groups are masked to 
provide more hydrophobic derivatives. Also, masking groups are designed to be cleaved 
from a precursor (e.g., fluorogenic substrate precursor) within the cell to generate the 
derived substrate intracellularly. Because the substrate is more hydrophilic than the 

25 membrane permeant derivative it is now trapped within the cells. 

"Isolated polynucleotide" refers a polynucleotide of genomic, cDNA, RNA or synthetic 
origin or some combination there of, which by virtue of its origin the "isolated 
polynucleotide" (1) is not associated with the cell in which the "isolated polynucleotide" is 
30 found in nature, or (2) is operably linked to a polynucleotide which it is not linked to in 
nature. 
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"Isolated protein" refers a protein of cDNA, recombinant RNA, or synthetic origin or 
some combination thereof, which by virtue of its origin the "isolated protein" (1) is not 
associated with proteins found it is normally found with in nature, or (2) is isolated from 
the cell in which it normally occurs or (3) is isolated free of other proteins from the same 
5 cellular source, e.g. free of human proteins, or (4) is expressed by a cell from a different 
species, or (5) does not occur in nature. "Isolated naturally occurring protein" refers to a 
protein which by virtue of its origin the "isolated naturally occurring protein" (1) is not 
associated with proteins that it is normally found with in nature, or (2) is isolated from the 
cell in which it normally occurs or (3) is isolated free of other proteins from the same 
10 cellular source, e.g. free of human proteins. 

"Polypeptide" as used herein as a generic term to refer to native protein, fragments, or 
analogs of a polypeptide sequence. Hence, native protein, fragments, and analogs are 
species of the polypeptide genus. 

15 

"Naturally-occurring" as used herein, as applied to an object, refers to the fact that an 
object can be found in nature. For example, a polypeptide or polynucleotide sequence that 
is present in an organism (including viruses) that can be isolated from a source in nature 
and which has not been intentionally modified by man in the laboratory is 
20 naturally-occurring. 

"Operably linked" refers to a juxtaposition wherein the components so described are in a 

relationship permitting them to function in their intended manner. A control sequence 

"operably linked" to a coding sequence is ligated in such a way that expression of the 

25 coding sequence is achieved under conditions compatible with the control sequences. 

» 

"Control sequence" refers to polynucleotide sequences which are necessary to effect the 
expression of coding and non-coding sequences to which they are ligated. The nature of 
such control sequences differs depending upon the host organism; in prokaryotes, such 
30 control sequences generally include promoter, ribosomal binding site, and transcription 
termination sequence; in eukaryotes, generally, such control sequences include promoters 
and transcription termination sequence. The term "control sequences" is intended to 
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include, at a minimum, components whose presence can influence expression, and can also 
include additional components whose presence is advantageous, for example, leader 
sequences and fusion partner sequences. 

5 "Polynucleotide" refers to a polymeric form of nucleotides of at least 10 bases in length, 
either ribonucleotides or deoxynucleotides or a modified form of either type of nucleotide. 
The term includes single and double stranded forms of DNA, RNA and combinations 
thereof. 

10 "Polypeptide fragment" refers to a polypeptide that has an amino-terminal and/or 
carboxy-terminal deletion, but where the remaining amino acid sequence is usually 
identical to the corresponding positions in the naturally-occurring sequence deduced, for 
example, from a fall-length cDNA sequence. Fragments typically are at least 5, 6, 8 or 10 
amino acids long, preferably at least 14 amino acids long, more preferably at least 20 

15 amino acids long, usually at least 50 amino acids long, and even more preferably at least 
70 amino acids long. 

"Plate" refers to a multi-well plate, unless otherwise modified in the context of its. 

20 The term "test chemical" or "test compound" refers to a chemical to be tested by one or 
more screening method (s) of the invention as a putative candidate. 

The terms "label" or "labeled" refers to incorporation of a detectable marker, e.g., by 
incorporation of a radiolabeled amino acid or attachment to a polypeptide of biotinyi 

25 moieties that can be detected by marked avidin (e.g., streptavidin containing a fluorescent 
marker or enzymatic activity that can be detected by optical or colorimetric methods). 
Various methods of labeling polypeptides and glycoproteins are known in the art and may 
be used. Examples of labels for polypeptides include, but are not limited to, the following: 
radioisotopes (e.g., 3 H, l4 C, 35 S, 125 I, m I), fluorescent labels (e.g., FITC, rhodamine, 

30 lanthanide phosphors), enzymatic labels (or reporter genes) (e.g., horseradish peroxidase, 
.beta.-galactosidase, .beta.-latamase, luciferase, alkaline phosphatase), chemiluminescent, 
biotinyi groups, predetermined polypeptide epitopes recognized by a secondary reporter 
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(e.g., leucine zipper pair sequences, binding sites for secondary antibodies, metal binding 
domains, epitope tags). In some embodiments, labels are attached by spacer arms of 
various lengths to reduce potential steric hindrance. 

5 "Analyte" refers to a substance for which the presence, absence, or quantity is to be 

determined. An analyte is typically a small molecule or ionic solute such as K + , H + , Ca 2+ , 
C0 2 , Na + , Cl\ Mg 2 , 0 2 , HC0 3 , NO, and ATP. 

Common examples of second messengers include cAMP, cGMP, Ca 2+ , IP 3 , NO, DAG, 
10 ceramide and derivatives thereof, arachidonic acid and derivatives thereof and isoprenyl 
and derivatives thereof. 

Other chemistry terms herein are used according to conventional usage in the art, as 
exemplified by The McGraw-Hill Dictionary of Chemical Terms (ed. Parker, S., 1985), 
15 McGraw-Hill, San Francisco, incorporated herein by reference). 

This invention provides a bioluminescence resonance energy transfer (BRET) fusion 
molecule that comprises three components: a bioluminescent donor protein (BDP), a 
modulator, and a fluorescent acceptor molecule (FAM), wherein the FAM can accept 

20 energy from the BDP-generated luminescence when these components are in an 

appropriate spatial relationship and in the presence of the appropriate substrate. The 
modulator can either influence the proximity /orientation of the BDP and the FAM and 
thereby the energy transfer between the components, or it can play a different role in 
affecting the energy transfer between the BDP-generated luminescence and the FAM. An 

25 interacting factor (IF) can either change the spatial relationship between the FAM and the 
BDP by interacting with the modulator directly (diereby causing either an increase or a 
decrease in the energy transfer between the BDP-generated luminescence and the FAM) or 
it can interact with the modulator and in some manner enhance or quench the energy of the 
system; in either situation the interaction between the IF and the modulator ultimately 

30 causes in a change in the light emission (intensity and/or wavelength) from the system. 

In another aspect, this invention provides a BRET system that comprises: 1) BRET fusion 

10 
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molecule, 2) an appropriate substrate to enable the BDP-generated luminescence, and 3) 
an IF that interacts with the modulator to cause a change in the light emission from the 
system. 

5 In yet another aspect, this invention provides methods of using the BRET fusion molecule 
and the BRET system to assay for the availability (presence, absence, concentration, 
conformational state, bioavailability, etc) or activity of a target substance. The IF can be 
the target itself, or the IF can be sensitive to availability of an analyte in the system, such 
that the IF changes its interaction with the modulator in response to the availability of the 

10 analyte. Alternatively, determining the availability of the substrate can be the focus of the 
assay. The proximity of the components of the system may be dependent upon other 
factors in the biological assay, such as structural integrity of membrane walls, 
sequestration of factors by proteins, fluidity changes, pH changes, etc. 

15 The BRET fusion molecule and system can be used in both in vivo and in vitro assays to 
detect molecular changes in a wide variety of applications, and is amenable to automation. 
In particular, it is useful for assaying protein interactions, enzyme activities and the 
concentration of analytes or signaling molecules in cells or in solution. It is useful in, for 
example, drug discovery, analyte screening, second messenger screening, drug screening, 

20 diagnosis, genotoxicity, identification of gene function, gene discovery, and proteomics. 

The BRET Fusion molecule and System 

Selecting Suitable Bioluminescent Donor Protein-Fluorescent Acceptor Molecule Pairs 
and Substrate 

25 To design a system, it is first necessary to select a BDP and a FAM. In nature some 
bioluminescent protein-f luorophore pairings interact directly with one another. In other 
cases the pairing interaction is mediated through other proteins, in the absence of which 
interactive coupling occurs with a significantly lower affinity. If such a decreased affinity 
is present at expression levels required to achieve BRET, when the BDP and FAM are 

30 coupled respectively to other protein moieties, then such a pairing is suitable for BRET. 
Examples of such systems which occur naturally include the Renilla luciferase 

11 
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(Rluc) IRenilla GFP coupling (Cormier (1978) Methods EnzymoL 57:237-244)and the 
Aequorin/Aequorea GFP coupling (Wilson and Brand (1998) Annu. Rev. Cell Dev. Biol. 
14:197-230). 



5 One example of an engineered system which is suitable for BRET is an Rluc and enhanced 
yellow mutant of GFP (EYFP) pairing which do not directly interact to a significant 
degree with one another alone in the absence of mediating proteins (Y. Xu, etal (1999) 
Proc. Natl. Acad. Sci. USA 96:151-156). Other fluorophores which are suitable pairings 
for Rluc include fluorophores from GFP classes 1, 2, 4 and some from 5. Specific 

10 examples of suitable fluorophores include but are not necessarily limited to: wild type 
GFP, Cycle 3, EGFP, Emerald, Topaz, 10C Q69K, and IOC. 

There are a number of different bioluminescent donor proteins that can be employed in 
this invention. One very well known example is the class of proteins known as luciferases 

15 which catalyze an energy-yielding chemical reaction in which a specific biochemical 

substance, a luciferin (a naturally occurring fluorophore), is oxidized by an enzyme having 
a luciferase activity. A great diversity of organisms, both prokaryotic and eukaryotic, 
including species of bacteria, algae, fungi, insects, fish and other marine forms can emit 
light energy in this manner and each has specific luciferase activities and lucif erins which 

20 are chemically distinct from those of other organisms. Luciferin/luciferase systems are 
very diverse in form, chemistry and function. For example, there are luciferase activities 
which facilitate continuous chemiluminescence, as exhibited by some bacteria and 
mushrooms, and those which are adapted to facilitate sporadic, or stimuli induced, 
emissions, as in the case of dinoflagellate algae. As a phenomenon which entails the 

25 transformation of chemical energy into light energy, bioluminescence is not restricted to 
living organisms, nor does it require the presence of living organisms. It is simply a type 
of chemiluminescent reaction that requires a luciferase activity which at one stage or 
another had its origins from a biological catalyst. Hence the preservation or construction 
of the essential activities and chemicals suffices to have the means to give rise to 

30 bioluminescent phenomena. Bioluminescent proteins with luciferase activity are thus 

available from a variety of sources or by a variety of means. Examples of bioluminescent 
proteins with luciferase activity may be found in U.S. Patent Nos. 5,229,285, 5,219,737, 
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Alternative BDPs that can be employed in this invention are enzymes which can act on 
suitable substrates to generate a luminescent signal. Specific examples of such enzymes 
5 are (3-galactosidase, alkaline phosphatase, P-glucuronidase and P-glucosidase. Synthetic 
luminescent substrates for these enzymes are well known in the art and are commercially 
available from companies, such as Tropix Inc. (Bedford, MA, USA). 

It should be apparent to one skilled in the art that other non-GFP fluorophores, or other 
10 BDPs may be suitable for the BRET system of the present invention if the key pairing 
criteria are met. Other sources for example may include pairings isolated or engineered 
from insects (U.S. Patent No. 5,670,356). Alternatively, it may be preferable for the 
bioluminescent protein with luciferase activity and the fluorophore to be derived from 
completely different sources in order to minimize the potential for direct affinity between 
15 the pairings. 

There are a number of different FAMs that can be employed in this invention. One very 
well known example is the group of fluorophores that includes the green fluorescent 
protein from the jelly fish Aequorea victoria and numerous other variants (GFPs) arising 

20 from the application of molecular biology, eg. mutagenesis and chimeric protein 

technologies (R.Y. Tsien, (1998) Ann. Rev. Biochem. 63: 509-544). GFPs are classified 
based on the distinctive component of their chromophores, each class having distinct 
excitation and emission wavelengths: class 1, wild-type mixture of neutral phenol and 
anionic phenolate: class 2, phenolate anion: class 3, neutral phenol: class 4, phenolate 

25 anion with stacked it-electron system: class 5, indole: class 6, imidazole: and class 7, 

phenyl (R.Y. Tsien, (1998), supra). Further non-limiting examples of FAMs are provided 
in Table 1, which lists examples of non-protein FAMs paired with appropriate BDPs and 
substrates. Alternative FAMs are commercially available, for example, from companies 
such as Molecular Probes, Inc. (Eugene, Oregon USA; as described in their Handbook of 

30 Fluorescent Probes and Research Chemicals: Haugland, E.P. ed.). 

GFPs or other fluorophores, bioluminescent proteins with luciferase activities and the 

13 
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appropriate substrates have been combined into luminescence based assays, tagging, 
screening and protein-protein interaction detection systems: for example see U.S. Patent 
Nos. 5,786,162, 4,614,712, 5,650,289, 5,837,465, 5,897,990, 5,702,883, 5,401,629, 
5,221,623, 5,854,010, 5,770,391, 4,665,022, 5,854,004 

5 

One criteria which should be considered in determining suitable pairings for BRET is the 
relative emission/fluorescence spectrum of the FAM compared to that of the BDP. The 
emission spectrum of the BDP should overlap with the absorbance spectrum of the FAM 
such that the light energy from the BDP luminescence emission is at a wavelength that is 

10 able to excite the FAM and thereby promote FAM fluorescence when the two molecules 
are in a proper proximity and orientation with respect to one another. For example it has 
been demonstrated that an Rluc/EGFP pairing is not as good as an Rluc/EYEF pairing 
based on observable emission spectral peaks (Y. Xu, (1999), supra and Wang, et al 
(1997) in Bioluminescence and Chemiluminescence: Molecular Reporting with Photons, 

15 eds. Hastings et al (Wiley, New York), pp. 419-422) 

To study potential pairing, protein fusions are prepared containing the selected BDP and 
FAM and are tested, in the presence of an appropriate substrate. This may be achieved, for 
example, using the method of Xu et al., (1999) Proc. Natl. Acad. Sci. USA 96:151-6, or as 
20 described herein. Since the BDP and FAM are in close proximity to one another in the 
fusion molecule then they are a suitable pair if BRET is observed. 

It should also be confirmed that the BDP and FAM do not spuriously associate with each 
other. This can be accomplished by separate co-expression of the BDP and FAM in the 
25 same cells and then monitoring the luminescence spectrum in order to determine if BRET 
occurs. This may be achieved, for example, using the method of Xu et al., (1999) Proc. 
Natl. Acad. Sci. USA 96:151-6, or as described herein. The selected BDP and FAM form 
a suitable BRET pair if little or no BRET is observed. 

30 Further tests are conducted to determine whether the BDP and FAM will generate BRET 
when fused to interacting proteins. This can be performed by creating fusion molecules 
using the BDP and FAM with test proteins, known to interact with one another, and 

14 
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monitoring the luminescence spectrum after association. . This may be achieved, for 
example, using the method of Xu et al., (1999) Proc. Natl. Acad. Sci. USA 96:151-6, or as 
described herein. The selected BDP and FAM form a suitable BRET pair if BRET is 
observed. 

5 

In one embodiment of the present invention Renilla lucif erase (Rluc) (Cormier, (1978), 
Methods Enzymol., 57: 237-244), or one of its derivatives is used as the BDP with EYFP 
as the FAM. Rluc was selected because its emission spectrum is similar to that of cyan 
ECFP (X max = 480 nm) which has been shown to exhibit FRET with EYFP (Miyawaki et 
10 aL, (1997) Nature (London) 388: 882-887). The coelenterazine substrate for Rluc is a 
hydrophobic molecule that is permeable to most cell types. 

The Modulator 

A modulator is a peptide, protein, nucleic acid or other synthetic or natural molecule that 
can interact with a separate entity or type of entity, the BP, and thereby initiate a sequence 
15 of events that ultimately results in a change in light emission from the BRET system or 
fusion molecule of the present invention. The modulator can either influence the 
proximity /orientation of the BDP and the FAM and thereby the energy transfer between 
these two components, or it can otherwise affect the energy transfer between the BDP and 
the FAM. 

20 

When the modulator is designed to influence the spatial relationship between the FAM and 
the BDP, interaction of the IF with the modulator causes a change in the proximity and/or 
orientation between the BDP and the FAM, thereby causing either an increase or a 
decrease in the energy transfer between the BDP-generated luminescence and the FAM, 
25 ultimately resulting in a change in the energy emission from the system. 

In one embodiment, using the BRET fusion molecule depicted in Figure 1 for example, 
interaction of an IF with the modulator can result in cleavage of the modulator, for 
example when the modulator is a recognition/cleavage site for a protease, and the 
30 appropriate protease is the IF of interest. Alternatively, a cof actor, substrate or condition 
such as pH or the media, that is necessary for the activity of the protease, could be the 
target of the assay, such that when the target (cofactor, substrate, or optimal pH) is present, 

15 
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the protease is activated to cleave the modulator, resulting in a change in the energy 
emission from the system. 

In another example, a modulator composed of specific proline-rich sequence is recognized 
by proteins having a SH3 domain. Upon binding of the protein onto the modulator, a 
conformation change in the overall structure of the fusion molecule occurs. This 
conformation change affect the spatial relationship (distance and orientation) of the BDP 
and the FAM and consequently alters the energy emission from the system. 

In another embodiment, using the BRET fusion molecule depicted in Figures 1, or 2 for 
example, interaction of an IF with the modulator can lead to chemical modification of the 
modulator, for example phosphorylation, which would result in a conformational change 
in the modulator. This conformational change would translate into a change in the 
orientation and/or proximity between the BDP and the FAM, causing a change in the 
efficiency of the energy transfer between the BDP-generated luminescence and the FAM, 
resulting in the energy emission from the system. 

In another embodiment, using the BRET fusion molecule depicted in Figures 3 or 4 for 
example, interaction of an IF with the modulator can lead to chemical modification of the 
modulator, for example by phosphorylation, which would result in a conformational 
change in either the BDP or the FAM, causing a change in the efficiency of the energy 
emission from the system. 

Examples of modulators with means to affect spatial relationship include, a protease 
recognition/cleavage site, a second messenger binding site, an ion binding molecule, a 
homo-dimer or hetero-dimer subunit, a nucleic acid sequence, a kinase substrate or other 
enzyme substrate, a receptor, a receptor fragment or subunit, or a receptor ligand. 

When the modulator is designed to play role that is different from primarily affecting the 
spatial relationship, it can be designed to interact with the IF in the manner of a binding 
site for the IF. In one example, the IF is a molecule with enhancer means or quenching 
means, such that upon binding to the modulator, the efficiency of energy transfer in the 
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In another embodiment the modulator can be a single entity or two entities (covalently 
attached to each other and to both the BDP and the FAM) that interact with various types 
5 IFs. 

The Interacting Factor (IF) 

In one embodiment of the present invention, the modulator is recognized by an EF that acts 
as a quencher molecule(s). Binding of IF quencher molecules to the modulator, either 
directly or indirectly, interferes with the energy transfer between the BDP and the FAM. 

10 Interaction of the IF quencher with the modulator does not always change the distance 

between the BDP and the FAM or alter their relative orientation. Instead the IF quencher 
can directly absorb energy without any re-emission of light and thereby decrease energy 
transfer efficiency between the BDP and the FAM. In the case of direct binding, the 
quencher and the IF are the same entity. In the case of indirect interaction, the quencher is 

15 covalently attached to the IF. 

In a similar embodiment of the present invention the IF acts as a blocking fluorophore, 
wherein it includes any molecule that can interact directly or indirectly with the modulator 
and upon interaction can absorb energy from the BDP-generated luminescence. A 

20 blocking fluorophore differs from a quencher since it re-emits light at a different 

wavelength than the FAM. The blocking fluorophore re-emission can be specifically 
measured using filter adapted for the blocking fluorophore emission wavelength. Contrary 
to the FAM, the blocking fluorophore is not covalently attached to the bioluminescent 
protein. In the case of direct binding, the blocking fluorophore and the IF are the same 

25 entity. In the case of indirect interaction, the blocking fluorophore is covalently attached 
to the IF. 

. In another embodiment the IF can act as an enhancer, wherein it includes any molecule 
that can interact directly or indirectly with the modulator and upon interaction can increase 
30 energy transfer from the BDP to the FAM. An example of an enhancer is a highly 

charged molecule than could change, upon binding to the modulator, the overall polarity of 
the BDP-modulator-FAM fusion molecule. In the case of direct binding, the enhancer and 
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In the case of indirect interaction, the enhancer is covalently 



In another embodiment, the IF is an enzyme that will recognize and modify the modulator 
5 in the fusion molecule of the present invention. For example the IF can be kinase that will 
recognize and phosphorylate the modulator. Kinases are proteins that recognize a specific 
amino acid sequence (like the protein kinase A recognition site also known as kemptide 
sequence: LRRASLG in single amino acid code) and attach a phosphate group to a 
specific residue. Addition of polar group like a phosphate, can result in a change in either 
10 the distance between the BDP and the FAM, through electrostatic attraction/repulsion or 
steric congestion between these moieties, or in a change of the relative orientation of these 
two moieties. Addition of phosphate group can also perturb the energy transfer efficiency 
through a change of the overall polarity or hydrophobicity of the fusion molecule. 

15 In a similar embodiment, the modulator can be recognized and modified by any type of 
transferase enzymes. These enzymes are known to transfer specific groups, such as, but 
not limited to, sugars, lipids, methyl, ubiquitin or any derivative thereof, to an amino acid 
within a specific recognition sequence. Addition of these groups to the modulator, can 
result in a change in either the distance between the BDP and the FAM, through 

20 electrostatic attraction/repulsion or steric congestion between these moieties, or in a 
change of the relative orientation of these two moieties. Addition of these group could 
also perturb the energy transfer efficiency through a change of the overall polarity or 
hydrophobicity of the fusion molecule of the present invention. 

25 In an alternative embodiment, the modulator can be recognized and be cleaved by 

proteases. Proteases are known to recognize and cleave specific amino acid sequences. If 
these sequences are introduced either genetically or synthetically in the modulator region, 
they can be recognized and be cleaved by the action of these proteases. Upon cleavage of 
the modulator, the BDP and the FAM are separated, energy transfer does not occur and 

30 there is a resulting decrease in the FAM light output. 

Arrangement of the BRET Fusion molecule Components 

One embodiment of the BRET fusion molecule is exemplified in Figure 1, which presents 
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a pictorial description of a tandem embodiment of the BRET fusion molecule and system 
wherein the BDP and the FAM are attached to spacer elements that are attached to the 
modulator element. 



5 One typical example of this embodiment is the use of the fusion molecule of the present 
invention as a sensor that will detect changes in a component of an environment. For 
example, a change in the environment can cause the sensor to undergo a conformational 
change that affects the spatial relationship of the BDP and the FAM, that is signaled by the 
light emission from the system. 

10 

Another embodiment of the BRET fusion molecule is exemplified in Figure 2 which 
presents a pictorial description of a non-tandem embodiment of the BRET fusion molecule 
and system, wherein the BDP and the FAM are attached to a spacer element that is 
attached to a modulator element. 

15 

Another embodiment of the BRET fusion molecule is exemplified in Figure 3 which 
presents a pictorial description of an embodiment of the BRET fusion molecule and 
system, wherein the BDP and the FAM are attached by an optional spacer element and the 
modulator is attached to either the BDP (Figure 3A) such that interaction with the IF 
20 causes a change in the conformational state and/or activity of the BDP; or the FAM 

(Figure 3B), such that interaction with the IF causes a change in the conformational state 
and/or activity of the FAM. 

Another embodiment of the BRET fusion molecule is exemplified in Figure 4 which 
25 presents a pictorial description of an embodiment of the BRET fusion molecule and 

system, wherein the BDP and the FAM are attached by an optional spacer element and the 
modulator is incorporated in either the BDP (Figure 4A) such that interaction with the IF 
causes a change in the conformational state and/or activity of the BDP; or the FAM 
(Figure 4B), such that interaction with the IF causes a change in the conformational state 
30 and/or activity of the FAM. 
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The Use of the BRET System for Cell-Based Assays 

The BRET system of the present invention is useful for cell-based assays. In general, the 
fusion molecules are introduced by transforming or transfecting a cell with one or more 
vectors comprising the recombinant DNA encoding some, or all, of the components of the 
5 system. The cell expresses the fusion molecule and BRET will occur when the BDP, the 
FAM and the substrate are in the appropriate spatial relationship. The substrate can be 
either added or, if it is protein or nucleic acid based, introduced in its nucleic acid form, 
such as via a vector with an inducible promoter. 

10 The components of the BRET system and their derivatives, can be expressed either 

transiently or stably in various cell types (mammalian, yeast, bacteria, insect or using any 
virus expression system) using recombinant techniques known in the field. If the IF 
endogenous in the cell type then it is necessary to add the fusion molecule, either directly 
or via transfection with the gene encoding the fusion molecule. If not, the fusion molecule 

15 and the IF are co-transfected/co-transformed/co-expressed. Cells are maintained for the 
duration of the assay. The assay can be performed at various temperatures and culture 
conditions. At the time of the assay, the bioluminescent reaction can be initiated by adding 
the substrate to the cell mixture before light emission is detected and measured. 



20 The Use of the BRET System for In Vitro Assays 

The BRET system can be used for cell-free in vitro assays, wherein the components can be 
made, purified and then combined in an in vitro assay, such as in a microtiter well. One or 
more of the components can be attached to a solid support such as a microtiter well, 
polyester cloth or polymacron cloth. 

25 

The Use of the BRET System for Chemical Detection 

There are several applications that make use of the FRET ratio principle, e.g., for 
measuring gene expression (Zlokamik et aL, 1998) or for measuring intracellular levels of 
calcium ions (Romoser et aL, 1997; Miyawaki et aL, 1997). BRET could be used in these 
30 applications, and may in fact have advantages over using FRET. For example, two groups 

20 



WO 01/46694 PCT/CA00/01513 

have reported a novel method for ratio imaging of Ca 2+ based on using two GFP variants 
(e.g., BFP, CFP, GFP, YFP) linked by a Ca 2+ -binding calmodulin sequence (Romoser et 
al., 1997; Miyawaki et al., 1997). When the linker sequence binds Ca 2+ ,- it undergoes a 
conformational change that brings the GFP variants closer together, enabling FRET. In 
the absence of sufficient Ca 2+ , the GFP variants remain far apart and FRET does not occur. 
Therefore, the magnitude of FRET is an indicator of Ca 2+ levels; because this method is 
based on a ratio, differences in the level of expression of the Ca 2+ indicator do not 
introduce artifacts to the measurement. 

This principle is adaptable to BRET by designing a construct where a BDP, such as Rluc, 
is linked to a FAM, such as EYFP, via the same calmodulin linker. Using Rluc and EYFP, 
the ratio of luminescence at 530 nm versus 480 nm should give an estimate of Ca 2+ . The 
BRET system should be better than a FRET system for measuring Ca 2+ in photoresponsive 
or auto-fluorescent tissue, and there will be no photobleaching of fluorophores. 
Furthermore, because there will be no direct excitation of the acceptor fluorophore, an 
improved ratio measurement of Ca 2+ can be obtained with the BRET system of the present 
invention. 

The Use of the BRET Fusion System with Automation and High-Throughput Screening 

The BRET system is adaptable to means of automation and high-throughput screening, 
using appropriate instrumentation. Using an imaging instrument similar to the described 
in Xu, et al. (1999) Proc. Natl. Acad. Sci., 96, 151-156, it is possible to screen colonies of 
bacteria or yeast on agar plates. Alternatively, a photomultiplier-based instrument 
designed to measure luminescence of liquid cultures in 96-well plates can be adapted for 
high-throughput BRET screening by insertion of switchable interference filters that 
correlate with the emission wavelengths for any BRET pair, in front of the photomultiplier 
tube. 

It is also contemplated that each of these embodiments can be partly or wholly 
incorporated into a kit format for distribution. The BRET system can be presented in a 
commercially packaged form; a packaged combination of one or more containers, devices, 
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or the like, holding the necessary reagents and usually including written instructions 
describing the performance of the assay procedure. Reagent systems of the present 
invention involve all possible configurations and compositions for performing the various 
BRET assays described herein. 

5 

One skilled in the art will readily recognize that the system of the present invention can 
readily be incorporated into one of the established kit formats which are well known in the 
art. 

10 Preparing the BRET Fusion molecule and System 

The basic components of the BRET system (BDP, FAM and modulator) and their 
derivatives, can be produced either using standard recombinant DNA technology, 
chemically synthesis, isolation from natural sources or any combination thereof. 
Regardless of the method of preparation, the following configurations of the BRET fusion 
15 molecule are contemplated. 

• BDP-M-FAM (Figure 1): the modulator is genetically or chemically inserted in 
between the BDP and FAM moieties; 

• FAM-M-BDP: inverse configuration of the BDP-M-FAM; 

• BDP- M -FAM (Figure 2): T variation, in which the modulator is chemically attached to 
20 . a linker (peptide or non-peptide) molecule attaching the BDP and FAM moieties 

together; 

• FAM- M ~BDP: inverse configuration of the BDP-M-FAM; 

• BDP-FAM-M (Figure 3a): the modulator is genetically or chemically attached to the 
FAM moiety only; 

25 • BDP-FAM(M) (Figure 3b): the modulator is genetically inserted either at the amino- 
or the carboxy- of the FAM moiety or internally in the FAM moiety; 

• M-BDP-FAM (Figure 4a): the modulator is genetically or chemically attached to the 
BDP moiety only; 

• BDP (M) -FAM (Figure 4b) : the modulator is genetically inserted either at the amino- 
30 or the carboxy-terminus of the BDP moiety or internally in the BDP moiety. 
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In Vivo Preparation of the BRET Fusion Molecule 

In one embodiment of the present invention, the BRET fusion molecule is produced 
entirely by recombinant DNA technology. The BDP and the FAM are selected, as 
described herein, such that, with the addition of the appropriate substrate, the fusion 
5 molecule product can exhibit BRET. When using recombinant DNA technology to 
produce the fusion molecule the FAM must be a fluorescent protein. 

As described herein, the modulator comprises the sequence required for the 
biological/biochemical activity alone (e.g. calmodulin sequence that binds Ca 2+ ) and it can 
10 additionally comprise spacer sequences on one or both sides of the sequence required for 
biological/biochemical activity. Spacer sequences can facilitate efficient recognition of 
the biological/biochemical activity sequence by the IF. 

The fusion molecule of the present invention can be engineered to comprise additional 
15 amino acid sequences at the amino- and/or the carboxy-terminus, internally (in the 

modulator, BDP or FAM) or any combination thereof, of the BRET fusion molecules, that 
can be used, for example, to target the fusion molecule, facilitate purification of the fusion 
molecule, facilitate immobilization of the fusion molecule, improve stability of the fusion 
molecule, etc. For example peptide leader sequences from known proteins can be added to 
20 target the fusion molecule to various locations in a cell and His-tag sequences or protein A 
sequences can be added to aid in purification or to facilitate immobilization. 

Various fusion DNA constructs that can express the fusion molecule of the present 
invention, as depicted in Figures 1, 3b and 4b), can be produced using recombinant DNA 

25 technology. First the coding sequences for the various components listed above are 

determined. These sequences can be obtained from publicly available databases, such as 
Genbank, or can be determined from isolated proteins and peptides using standard 
techniques known in the art. The coding sequences are then introduced into an expression 
vector. Commercially available expression vectors have been engineered with multiple 

30 cloning sites that contain a series of restriction enzyme recognition/cleavage sites that are 
used to introduce heterologous DNA in frame with regulatory sequences. The coding 
sequences may require modification, for example by PCR, to incorporate appropriate 

23 



WO 01/46694 



PCT/CAOO/01513 



restriction enzyme recognition/cleavage sites at the 3' and 5' ends. 

Most commercially available expression vectors have all the necessary control sequences 
to efficiently control transcription and therefore protein expression of the fusion DNA 
5 construct inserted. Other commercially available expression vectors are designed to allow 
cloning of alternative regulatory sequences, upstream and downstream of the inserted 
DNA construct. Expression vectors can be either purchased from a commercial supplier 
(e.g. Promega, Invitrogen, Stratagen) or engineered in house using DNA recombinant 
technology. Expression vectors can be adapted for use in prokaryotic or eukaryotic cells 
10 using appropriate control sequences and sequence elements required for the replication and 
selection of the expression vector and expression of the protein. 

Expression vectors harboring the fusion DNA sequence can be transfected or transformed 
into eukaryotic or prokaryotic cell, respectively, for expression of the fusion DNA. 

15 Transfection in eukaryotic cells involves the use of standard techniques known in the art, 
such as, but not limited to, electroporation, calcium phosphate, lipid-based transfection, 
micro-injection, polymer-based transfection. The various configurations of the fusion 
molecule can be also expressed in prokaryotic cells using standard technique for the 
introduction of DNA in diose cell types, such as, but not limited to, electroporation, 

20 calcium chloride-heat shock technique. Successful transfection or transformation can be 
determined using reporter genes incorporated in the expression vector (e.g. P-lactamase 
gene, P-galactosidase gene, neomycin resistance, etc.). 

Finally, with successful transfection or transformation of the recombinant expression 
25 vector the cells can express the BRET fusion molecule (as depicted in Figures 1, 3b and 
4b). Thus, in one embodiment of the present invention, the fusion molecule is produced in 
vivo and subsequently used in vivo for a BRET assay, if cells express or contain 
(endogenously or exogenously) the IF. The substrate (e.g. coelenterazine when the BDP is 
a lucif erase or aequorin) is used to initiate the bioluminescent reaction (BRET assay). 
30 Various substrates, such as coelenterazine, can be purchased from commercial suppliers 
(e.g. Molecular Probes, Biosynth, Proleume) or synthesized. 
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The construction of a fusion DNA sequence and an expression vector, and the expression 
of the fusion molecule product involve the use of recombinant techniques well known in 
the art (see, for example, Sambrook, J., Fritsch, E.F. & Maniatis, T.; Molecular Cloning : 
A laboratory manual, 2 nd ed. (1989) Cold Spring Harbor Laboratory Press; and Ausubel, 
5 F.M. et al; Current Protocols in Molecular Biology, Vol 1 (1995) John Wiley & Sons, 
Inc). 



In another embodiment of the present invention, the BRET fusion molecule (depicted in 
Figures 1, 3b and 4b) is produced in vivo as one entity, as described above, and 

10 subsequently isolated and used in an in vitro BRET assay. The DNA construct for a 
selected configuration of the BRET fusion molecule, is transfected, or transformed, into 
suitable cell lines (eukaryotic or prokaryotic) for its production only. The BRET fusion 
molecules are expressed in the cells and are then purified or semi-purified from the 
transfected or transformed cells. One exemplary method of purification of a BRET fusion 

15 molecule is described in Example I, in which a BDP-modulator-FAM molecule is purified 
from a cell extract using affinity chromatography. In this example a His-tag coding 
sequence was engineered in the DNA construct (such that the poly-histidine sequence was 
at the amino-terminus) that facilitated the purification of the resulting fusion molecule by 
making use of the affinity of the tandem histidines for Nickel on a chromatography 

20 support. Standard biochemical techniques can be also used alone or in combination with 
affinity chromatography to purify fusion molecules of the present invention to the desired 
purity. 



It would be apparent to one skilled in the art that the modulator of the purified or semi- 
25 purified fusion molecules can be further chemically or enzymatically modified before their 
use in a BRET assay. For example, a phosphate group can be added to a specific amino 
acid residue found in the modulator sequence (e.g. tyrosine), thereby allowing a given IF 
to recognize the modulator. The phosphate group can be added enzymatically, using a 
tyrosine or serine/threonine kinase, or chemically, using, for example, a phosphoramidite 
30 reagent Other non-limiting examples of modifications are methylation, isoprenylation, 
addition of palmitate, myristate, sulfate, sugar groups). 
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In an alternative embodiment a BRET fusion molecule having the configuration depicted 
in Figure 2, wherein the modulator is chemically attached to a linker molecule (peptide in 
this case) attaching the BDP and FAM moieties together, is produced using a combination 
of in vivo and in vitro methods. First a fusion molecule having a peptide linker between 

5 the BDP and FAM (BDP-FAM or FAM-BDP) is genetically engineered and expressed in 
cells using standard recombinant techniques. The fusion molecule is then purified or 
semi-purified before chemically or enzymatically attaching the modulator into the linker 
region. It should be apparent to one skilled in the art that this modulator can be peptide- 
based or chemically-based. This configuration can be used in an in vitro assay or an in 

10 vivo assay, using various techniques such as protein transfection techniques, 

permeabilizing agent, by micro-injection or electroporation to introduce the protein inside 
the cells. In each cases, the substrate is used to initiate the bioluminescent reaction 
(BRET assay). The substrate can be purchase from commercial suppliers (e.g. Molecular 
Probes), or synthesized. 

15 

The modulator can be inserted within the coding region of either BDP or FAM. This can 
be achieved, for example, by ligating a coding sequence directly within or adjacent to the 
BDP or FAM coding sequence or by using site-specific mutagenesis to introduce a 
modulator sequence. Many site-specific mutagenesis kits are now commercially available 
20 (e.g. Quickchange from Stratagen). The choice of the site of insertion within the BDP or 
FAM sequence can be random or site specific based on the structure of the BDP or the 
FAM. 



In Vitro Preparation of the BRET Fusion Molecule 

25 In one embodiment of the present invention the BRET fusion molecule (as depicted in 
Figures 1, 3b and 4b) can be synthesized as one entity in vitro using standard in vitro 
transcription-translation techniques (IVTT) known in the art. When produced in vitro, a 
DNA fusion construct is prepared, as indicated above, using standard techniques that 
encodes a BRET fusion molecule (as depicted in Figures 1, 3b and 4b). The DNA fusion 

30 construct is engineered with an appropriate upstream promoter (e.g. a viral-based promoter 
such as T7, T3, SP6 which is recognized by specific viral RNA polymerases) and other 
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regulatory sequences. The DNA fusion construct may be linear or circular. The DNA 
fusion construct is then used to produce mRNA in vitro, which are subsequently used in an 
in vitro translation reaction using cell extracts (e.g. E. coli 9 wheat germ or rabbit 
reticulocytes) to produce the BRET fusion molecule. The in vitro transcription and 
5 translation may be performed in a single reaction mixture (coupled) or in separate reaction 
mixtures. These techniques of producing large quantities of specific mRNA and proteins 
in vitro are well known in the art. Furthermore, several suppliers (e.g. Promega, 
Invitrogen, Life-Technologies, Stratagen) provide kits and reagents necessary to perform 
these experiments. 

10 

If required, the BRET fusion molecules produced using IVTT can be purified or semi- 
purified before use in a BRET assay. One exemplary method of purification of a BRET 
fusion molecule is described in Example I, in which a BDP-modulator-FAM molecule is 
purified from a cell extract using affinity chromatography. In this example a His-tag 

15 coding sequence was engineered in the DNA construct (such that the poly-histidine was at 
the amino-terminus) that facilitated the purification of the resulting fusion molecule by 
making use of the affinity of the tandem histidines for Nickel on a chromatography ^ 
support. Standard biochemical techniques can be also used alone or in combination with 
affinity chromatography to purify fusion molecules of the present invention to the desired 

20 purity. 

It would be apparent to one skilled in the art that the modulator of the purified, semi- 
purified or unpurified fusion molecules can be further chemically or enzymatically 
modified before their use in a BRET assay. For example, a phosphate group can be added 
25 to a specific amino acid residue found in the modulator sequence (e.g. tyrosine), thereby 
allowing a given IF to recognize the modulator. The phosphate group can be added 
enzymatically, using a tyrosine or serine/threonine kinase, or chemically, using, for 
example, a phosphoramidite reagent. Other non-limiting examples of modifications are 
methylation, isoprenylation, addition of palmitate, myristate, sulfate, sugar groups). 

30 

Finally, the purified, semi-purified unpurified BRET fusion molecule (modified or 
unmodified) once produced in vitro, can be used in an in vitro assay or in an in vivo assay, 
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using various techniques such as protein transfection techniques, permeabilizing agent, by 
micro-injection or electroporation to introduce the protein inside the cells. In all cases, 
the substrate is used to initiate the bioluminescent reaction (BRET assay). The substrate 
can be purchased from commercial suppliers (e.g. Molecular Probes) or synthesized. 

5 

In an alternative embodiment a BRET fusion molecule having the configuration depicted 
in Figure 2, wherein the modulator is chemically attached to a linker molecule (peptide in 
this case) attaching the BDP and FAM moieties together, is produced using a combination 
of in vitro methods. First a fusion molecule having a peptide linker between the BDP and 

10 FAM (BDP-FAM or FAM-BDP) is genetically engineered and expressed IVTT 

techniques. The fusion molecule is then purified or semi-purified before chemically or 
enzymatically attaching the modulator into the linker region. It should be apparent to one 
skilled in the art that this modulator can be peptide-based or chemically-based. This 
configuration can be used in an in vitro assay or an in vivo assay, using various techniques 

15 such as protein transfection techniques, permeabilizing agent, by micro-injection or 
electroporation to introduce the protein inside the cells. In each cases, the substrate is 
used to initiate the bioluminescent reaction (BRET assay). The substrate can be purchase 
from commercial suppliers (e.g. Molecular Probes), or synthesized. 



20 Preparation of the BRET Fusion Molecule from Coupling of Separate BDP and FAM 
Entities 

In one embodiment of the present invention, the BDP and the FAM moieties of the BRET 
fusion molecule are produced separately (two different entities) and attached together 
before performing the BRET assay. A worker skiHed in the art would appreciate that it is 
25 not necessary for the two entities to be prepared using the same techniques prior to their 
attachment to one another. 

In one embodiment one or both of the BDP and FAM are produced and purified using 
recombinant technology as described previously. Briefly, genes encoding the BDP and/or 
30 the FAM are cloned into separate expression vectors and are then used to transform or 

transfect cells which will produced the proteins. E. coli> yeast and insect cells are useful to 
produce high amount of a protein of interest (i.e. the BDP and FAM). Several kits and 
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reagent are commercially available to express and produce a given protein using a specific 
cell type. The BDP and the FAM are purified or semi-purified before attachment to one 
another. Methods of purification of GFPs, which can be used as FAMs, and luciferases, 
which can be used as BDPs, are known in the art (Deschamps, et al, (1995) Protein 
Expression and purification 6: 555-558; Matthews, J.C., et al (1977) Biochemistry 16: 85- 
91; Ward, W.W. and Cormier, MJ. (1978) Photochemistry and Photobiology 27: 389- 
396). 

In an alternative embodiment one or both of the BDP and the FAM are produced using 
IVTT as described above for the fusion molecule. 

In another alternative embodiment one or both of the BDP and the FAM can be isolated 
from natural sources, and purified or semi-purified before chemical attachment to one 
another. As indicated above, methods of purification of GFPs, which can be used as 
FAMs, and luciferases, which can be used as BDPs, are known in the art. 

Once prepared, the BDP and FAM are bridged together using chemical means. This is 
preferred if the modulator is not a peptide. If the modulator is a peptide a single entity 
recombinant-based method (see above) is often more amenable to effective production of 
the fusion molecule. A number of homo- hetero-bifunctional cross-linker reagents, all 
well known in the art, can be used to form the modulator (such as dithiobis-(succinimidyl 
propionate), N-(y-maleimidobutyryloxy)succinimide, succinimidyl trans-4- 
(maleimidylmethyl)cyclohexane-l-carbxylate; see e.g. Pierce Catalog and Handbook and 
Molecular Probes' Handbook of Fluorecent Probes and Research Chemicals). Molecules 
and chemical groups forming the modulator or part of the modulator can be attached 
covalently to either the amino- or carboxy-terminus of the moieties, or to internally amino 
acids, as long as the activity of the desired activity of the fusion protein is obtained. 

The modulator region or sequences can be formed during the attachment of the two 
moieties (e.g. Figure 1) or added within the linker following the attachment of the BDP 
and the FAM using chemical means (e.g. Figure 2; BDP- M -FAM). In one embodiment, 
before their expression (by recombinant technology), purification and coupling, genes of 
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the donor and acceptor moieties can be genetically modified to produce configurations as 
depicted in Figures 3b and 4b after their attachment. In another embodiment, after their 
expression (by recombinant technology) and purification but before their coupling, the 
BDP and FAM can be chemically modified to produce configurations depicted in Figures 
5 3a and 4a. Configurations depicted in Figure 3a and 4a can be also produced after the 
expression (by recombinant technology), purification and coupling of the donor and 
acceptor protein moieties (BDP and FAM) by chemically attached the modulator to one of 
the moieties. Finally, in each embodiment, the BDP and FAM can be modified prior their 
coupling in order to facilitate their attachment to each order. The chemical composition of 
10 the modulator or in some cases the linker, is not critical, however, the molecular distance 
between the BDP and FAM is important; it should be between 10 to 100A. 

In another embodiment, the fusion molecule as depicted in Figure 2 is produced by 
chemically fusing the isolated BDP and FAM together, thereby forming an non-peptide 
15 linker region in between the BDP and FAM (BDP-FAM or FAM-BDP). This fusion 

molecule is then modified by chemically or enzymatically attaching the modulator into the 
linker region as despite in Figure 2. 

Finally, the BRET fusion molecule having any of the configurations prepared herein can 
20 be used in an in vitro assay or an in vivo assay, using various techniques such as protein 
transfection techniques, permeabilizing agent, by micro-injection or electroporation to 
introduce the protein inside the cells. In each cases, the substrate is used to initiate the 
bioluminescent reaction (BRET assay). The substrate can be purchase from commercial 
suppliers (e.g. Molecular Probes), or synthesized. 

25 

Monitoring the Response of the BRET System 

In a preferred embodiment, the energy transfer occurring between the donor (BDP) and 
acceptor (FAM) moieties is calculated from the emissions measured using optical filters 
(one for the FAM emission and the other for the BDP emission) that select specific 
30 wavelengths (see equation 1). 

30 
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Ea / Ed = BRET efficiency (1) 



where Ea is defined as the FAM emission intensity (emission light is selected using 
specific filter adapted for the emission of the acceptor) and Ed is defined as the BDP 
5 emission intensity (emission light is selected using specific filter adapted for the emission 
of the BDP). 



It should be readily appreciated by those skilled in the art that the optical filters may be 
any type of filter that permits wavelength discrimination suitable for the BRET. For 

10 example, optical filters used in accordance with the present invention can be interference 
filters, long pass filters, short pass filters, etc. Intensities (usually in counts per second 
(CPS) or relative luminescence units (RLU)) of the wavelengths passing through filters 
can be quantified using either a photo-multiplier tube (PMT) or a CCD camera. The 
quantified signals are subsequently used to calculate energy transfer efficiencies. The 

15 energy transfer efficiency increases with increasing intensity of the acceptor emission. 
Generally, a ratio of the acceptor emission intensity over the donor emission intensity is 
determined (see equation 1), which is an abstract number that reflects energy transfer 
efficiency. The ratio increases with an increase of energy transfer (see Xu et al, (1999) 
Proc. Natl Acad. Sci. USA. 96, 151-156). 

20 

Energy transfer efficiencies can also be calculated using the inverse ratio of donor 
emission intensity over acceptor emission intensity (see equation 2). In this case, ratios 
decrease with increasing energy transfer efficiency. Prior to performing this calculation 
the emission intensities are corrected for the presence of background light and auto- 
25 luminescence of the substrate. This is correction is generally made by subtracting the 
emission intensity, measured at the appropriate wavelength, from a control sample 
containing the substrate but no BDP, FAM or fusion molecule. 
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Ed / Ea = BRET efficiency (2) 



where Ea and Ed are as defined above. 
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The light intensity of the BDP and FAM emission can also be quantified using a 
monochromator-based instrument such as a spectrofluorometer, a charged coupled device 
(CCD) camera or a diode array detector. Using a spectrofluorometer, the emission scan is 
performed such that both BDP and FAM emission peaks are detected upon addition of the 
5 substrate. The areas under the peaks represent the relative light intensities and are used to 
calculate the ratios, as outlined above. Any instrument capable of measuring lights for 
the BDP and FAM from the same sample, can be used to monitor the BRET system of the 
present invention. 

10 In an alternative embodiment the FAM emission alone is suitable for effective detection 
and/or quantification of BRET. In this case, the energy transfer efficiency is calculated 
using only the acceptor emission intensity. It would be readily apparent to one skilled in 
the art that in order to measure energy transfer, one can use the acceptor emission intensity 
without making any ratio calculation. This is due to the fact that ideally the FAM will 

15 emit light only if it absorbs the light transferred from the BDP. In this case only one light 
filter is necessary. 

In a related embodiment the BDP emission alone is suitable for effective detection and/or 
quantification of BRET. In this case, the energy transfer efficiency is calculated using 
20 only the BDP emission intensity. It would be readily apparent to one skilled in the art that 
in order to measure energy transfer, one can use the donor emission intensity without 
making any ratio calculation. This is due to the fact that as the FAM absorbs the light 
transferred from the BDP there is a corresponding decrease in detectable emission from 
the BDP. In this case only one light filter is necessary. 

25 

In an alternative embodiment the energy transfer efficiency is measured using only one 
optical filter but still requires a ratiometric measurement. In this case, light intensity for 
the donor or the acceptor are determined using the appropriate optical filter and another 
measurement of the samples is made without the use of any filter (intensity of the open 
30 spectrum). In this latter measurement, total light output (for all wavelengths) is 
quantified. Ratio calculations are then made using either equation 3 or 4. For the 
equation 3, only the optical filter for the acceptor is required. For the equation 4, only the 
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optical filter for the donor is required. 

Ea / Eo - Ea = BRET efficiency or = Eo - Ea / Ea (3) 

5 Eo -Ed / Ed = BRET efficiency or = Ed / Eo-Ed (4) 

where Ea and Ed are as defined above and Eo is defined as the emission intensity for all 
wavelengths combined (open spectrum). 

10 It should be readily apparent to one skilled in the art that further equations can be derived 
from equations 1 through 4. For example, one such derivative involves correcting for 
background light present at the emission wavelength for BDP and/or FAM. 

In performing a BRET assay, light emissions can be determined from each well using the 
15 BRETCount. The BRETCount instrument is a modified TopCount, wherein the 

TopCount is a microtiterplate scintillation and luminescence counter sold by Packard 
Instrument (Meriden, CT). Unlike classical counters which utilise two photomultiplier 
tubes (PMTs) in coincidence to eliminate background noise, TopCount employs single- 
PMT technology and time-resolved pulse counting for noise reduction to allow counting in 
20 standard opaque microtiterplates. The use of opaque microtiterplates can reduce optical 
crosstalk to negligible level. TopCount comes in various formats, including 1, 2, 6 and 
12 detectors (PMTs) which allow simultaneous reading of 1, 2, 6 or 12 samples, 
respectively. Beside the BRETCount other commercially available instrument are capable 
of performing BRET: the Victor 2 (Wallac, Finland (Perking Elmer Life Sciences)] and 
25 the Fusion (Packard Instrument, Meriden). BRET can be performed using readers that can 
detect at least the FAM emission and preferably two wavelengths (for the FAM and the 
BDP) or more. 

To gain a better understanding of the invention described herein, the following examples 
30 are set forth. It should be understood that these examples are for illustrative purposes 
only. Therefore, they should not limit the scope of this invention in any way. 
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EXAMPLES 

EXAMPLE I: Demonstration of an In Vitro BRET Fusion Assay 

A BRET assay using a fusion molecule is described wherein a Rluc moiety (BDP) is 
attached either genetically or chemically to an EYFP (FAM). A linker region is located 
5 between the two moieties that includes a specific protease cleavage site for enterokinase. 
Upon interaction of the enterokinase with the cleavage site in the sensor (Rluc- 
enterokinase-EYFP), the enzyme will cut the linker region, resulting in the separation of 
the Rluc and EYFP moieties and thereby causing an observable decrease of BRET (i.e. 
ratio 550/470nm should decrease). 

10 

The DNA constructs used were as follows: the Rluc gene (pRL-CMV- Promega, 
Madison, WI), the Rluc:EYFP construct (Figure 5; Xu, et al„ 1999 Proc. Natl. Acad Sci. 
USA, 96: 151-156), and the Rluc:enterokinase:EYFP construct (this construct is built by 
introducing DNA sequences coding for the enterokinase recognition site into the linker 
15 region of the Rluc:EYFP construct). 

Figure 6 shows the analysis obtained from cells transfected with pRL-CMV, 
pCDNA3.1/EYFP::Rluc and pCDNA3.1/Rluc::EYFP. Rluc (pRL-CMV) alone generated 
a typical emission peak centered at 475nm. As described in Xu et al, (1999) Proc. Natl 

20 Acad. Set. USA, 96, 151-156, Rluc::EYFP fusion protein generated two emission peaks at 
476nm and 525nm corresponding respectively to Rluc and EYFP emission. The EYFP 
emission peak is generated by the transfer of energy between the two moieties. Figure 41 
shows that energy transfer also occurs between the Rluc and EYFP in the configuration 
EYFP::Rluc. An emission peak at 525nm (corresponding to EYFP emission) is observed 

25 meaning that energy transfer occurred between the Rluc and the EYFP moieties. Note 
here that as for the configuration Rluc::EYFP, Rluc still the donor moiety in the 
EYFP:Rluc configuration. Therefore, this configuration can be used to introduce 
modulator element. 

30 The amino acid sequence (Gly-Asp-Asp-Asp-Asp-Lys-Leu) for the enterokinase cleavage 
site was introduced into the linker region of Rluc:EYFP. The enterokinase enzyme 
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recognizes the four Asp and the Lys amino acids and cuts the peptide linker after the 
amino acid, Lys. 



The two complementary oligonucleotides (sense and antisense), corresponding to and used 
5 to introduce the enterokinase site (BRL/Gibco-Life Technologies, Gaethersburg, MD), 
were annealed together using molecular biology techniques well known to those skilled in 
the art. The double strand of DNA was engineered to have cohesive ends (BamHI (5' end) 
and Kpnl (3' end)) after annealing and was subcloned into the Rluc:EYFP construct at the 
BamHI-Kpnl sites. 

10 

The DNA sequences of the complementary oligonucleotides, corresponding to the 
enterokinase site (sense and antisense) and having cohesive ends are as follows: 

sense oligonucleotide: 5' GATCCGGGCGACGATGACGATAAGTT 

GGCGGTA3' (SEQ ID NO:9) 
15 antisense oligonucleotide: 5' CGCCAACTTATCGTCATCGTCGCCCG 3' (SEQ 

ID NO: 10) 

The three of the above-mentioned DNA constructs were used to produce their 
corresponding proteins in bacteria, which proteins, in turn, were used as substrates for the 
20 enterokinase enzyme in the BRET assay (see below). 

All three DNA constructs were subcloned in frame with the His tag sequences into the 
pQE plasmid (Qiagen, Mississauga, ON). This was done by introducing a His tag at the 
N-terminus of the constructs. The His tag allowed for the purification of different gene 
25 products from bacterial lysates using the Nickel (Ni) beads based technology (QIAexpress 
kite, Qiagen, Mississauga, ON). The constructs (Rluc gene alone, Rluc«EYFP and 
Rluc:enterokinase:EYFP) were subcloned into pQE-32 vector at the following restriction 
sites. 



Construct 


Construct restriction site 


pQE-32 restriction site 


Rluc 


Nhel*-Xmal 


Bamffl*-Xmal 
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Rluc::EYFP NheI*-NotI* Smal 

Rluc:enterokinase:EYFP NheI*-NotI* Smal 

* all these sites were blunt ended before being subcloned into the pQE-32 
plasmid, using Klenow enzyme under standard conditions and using molecular 
biology techniques known to those skilled in the relevant art (Ausubel, F.M. et 
al., Current protocols in molecular biology, Vol. 1 (1995) John Wiley & Sons, 
5 Inc., and Sambrook, J. et al., Molecular Cloning: A laboratory manual, 2 nd ed. 

(1989) Cold Spring Harbor Laboratory Press). 

The DNA sequences for the two fusion constructs (SEQ ID NOs: 1 and 2, respectively) of 
this example are presented in Figures 6 and 7. The Rluc DNA sequence can be found in 
10 GeneBank under the accession number: M63501 

The DNA constructs in the pQE-32 vectors were then transfected into suitable bacteria 
(Ml 5) for protein expression. Bacteria were inoculated in 100ml of LB media and grown 
for 4 hours at 37°C until they reached a density of 0.6 OD 600 . Protein expression was 

15 induced by adding IPTG (ImM) into the bacterial cultures for 16 hours at 37°C. The 
different proteins were purified from the bacterial lysates using 0.5ml Ni-NTA resin as 
described by a standard manufacturer's protocol (Qiagen,.Mississauga, ON). The purified 
proteins were then desalted and concentrated (to a volume between 400-700 using a 
Centriprep-10 or -30 and Centricon-10 or 30 (Amicon, Beverly, MA) with a PBS + NaCl 

20 250mM buffer. Protein concentrations were determined by the Bradford assay (Bradford, 
M.M., 1976, Anal BioChem. 72: 248-254) using bovine serum albumin as a standard. 
Once purified, the proteins were used in the enterokinase BRET assay. The purity of the 
extracted protein was determined by SDS-PAGE to be between 60-80%. 

25 The BRET assay was performed by mixing 60-100 \ig of purified protein for each well 
with the BRET assay buffer (PBS + Ca 2+ 1 mM Mg 2+ 0.5 mM + glucose (lg/1) + 10 mM 
DTT) to a total volume of 150 Each assay was conducted in triplicate (i.e. three wells) 
in 96- well Optiplate plate (Packard, U.S.A.). Half of the assays were done in the presence 
of two units of the enterokinase enzyme (Invitrogen, Carlsbad, CA). Coelenterazine h 

30 (Molecular Probes, Eugene, OR) at a concentration of 20 pM/50 pi was added to each well 
to start the bioluminescent reaction of Rluc. The final concentration of coelenterazine h 
was 5 |liM. The total volume of the assay was 200 |ul per well. After the addition of the 
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coelenterazine h, the microtiterplates were loaded into the BRETCount. Detection was 
performed using the BRETCount at 30 °C for four hours. For each time point and assay, 
ratios were calculated by dividing the emission light output at 550 nm by the emission 
light output at 470 nm. 

5 

Only the ratio for the construct Rluc:enterokinase:EYFP in the presence of the 
enterokinase enzyme decreased over time (Figure 8) demonstrating that more and more 
constructs were cut. The ratios from the negative controls (Rluc and RlucrEYFP) did not 
change over time when in the presence or absence of the enterokinase enzyme. 

10 

The assay results demonstrated that BRET can be carried out with partially purified 
proteins. This example is also an illustration of the BRET assay using a fusion protein, 
wherein a specific amino acid sequence can be inserted in between the Rluc and EYFP 
moieties, such as a protease site (or in the alternative, a phosphorylation site, or a site that 
15 recognizes analytes e.g. Ca 2+ ). 

The TopCount is a microtiterplate scintillation and luminescence counter sold by Packard 
Instrument (Meriden, CT). Unlike a classical counter which utilized two photomultiplier 
tubes (PMTs) in coincidence to reduce noise, TopCount employs a single-PMT technology 
20 and time-resolved pulse counting for noise reduction to allow counting in an opaque 
standard format microtiterplate. The use of opaque microtiterplates can reduce optical 
crosstalk to negligible levels. The TopCount comes in various formats (eg. with 1, 2, 6, 12 
detectors (PMTs)), which can read 1, 2, 6 or 12 samples simultaneously depending on the 
format. 

25 

A modified 2-detector TopCount ( BRETCount) was used to measure BRET in this 
example. Modifications included positioning the bandpass interference filters under each 
TopCount PMT (between the PMT and the detector mounting plate), and adjusting the 
TopCount software to allow each PMT to read each well of a microtiterplate. These 
30 changes allowed the sequential detection of light emitted at specific wavelengths emitting 
from the samples. Accordingly, for each well (or sample) we obtained two light output 
values corresponding to each filter. Beside its throughput (microtiterplate reader), the 
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TopCount is a temperature controlled instrument that is useful when performing cell-based 
assays or timecourse experiments. 



The two filters used were 1) for the acceptor emission (fluorophore): 550DF80 (Omega 
5 Optical Inc, Brattleboro VT); and 2) for the donor emission (bioluminescent protein); 
470DF60 (Omega Optical Inc, Brattleboro VT). 

BRET is measured by dividing the light output for the 550 nm filters by the 470nm light 
output (acceptor/donor). The instrument parameters used for the BRETCount were 
10 luminescence SPC mode and at a read length of 1 sec for each PMT. 

EXAMPLE II: Apoptosis Sensor 

Apoptosis or PCD (programmed cell death) is a normal cellular process found in most cell 
types. It is involved in many aspects of cell homeostasis and organism development (e.g. 

15 PCD is responsible of the modeling (shape) of an organ during morphogenesis) 

(Nicholson, D.W. and Thomberry, N.A., 1997, TIBS, 22: 299-306; Kinloch, R.A., et al., 
1999, TIPS, 20: 35-42). Very often, inappropriate PCD is found in many diseases like 
cancer, neurodegenerative diseases, etc. PCD is a regulated way for cells to die at a 
specific time without stimulating the defense mechanism of the organism (e.g. 

20 inflammation) and hence distinct from the other type of cell death, necrosis, generally 
resulting from cellular injury. 

Many proteins and lipids are involved in PCD. Among them, the caspases which are part 
of a large family of cysteine proteases (Nicholson, D.W. and Thornberry, N.A., 1997, 

25 TIBS, 22: 299-306). Caspases recognize and cleave specific amino acid sequences 

(usually a sequence of 4-5 amino acids) and are part of a protein cascade that ends with the 
activation of effectors involved in the degradation of protein (by activating general 
proteases) and DNA. Specific receptors at the plasma membrane e.g. fas-R, TNF-R) and 
their adaptor proteins trigger the apoptotic signal by the activation of a first line of 

30 caspases (caspase -2, -8, -10) depending of the cell type). These activated caspases then 
activate other caspases (-3, -7, -9, -4) by cleaving a specific amino acid sequence.. These, 



38 



10 



30 



WO 01/46694 PCT/CA00/01513 

other caspases, in turn, may activate still other caspases and also act on cellular targets to 
generate the cell disruption. Apoptosis can be triggered also by chemical agents in some 
cell types (e.g. thapsigargin on the HL-60 cell line, or staurosporine on the HeLa cell 
line). 

A BRET apoptosis sensor was engineered by introducing a caspase-3 recognition site in 
the linker region of the Rluc-EYFP fusion construct. Upon induction of apoptosis, 
caspase-3 recognizes and cleaves the linker region, thereby separating Rluc from EYFP 
and thereby decreasing the BRET ratio over time. 



The caspase-3 site was introduced using annealed complementary oligonucleotides. The - 
two complementary oligonucleotides used encode the caspase-3 site: Gly-Asp-Glu-Val- 
Asp-Gly. Only a Asp-Glu-Val-Asp sequence is needed for recognition by caspase-3. 
Caspase-3 cuts between the Asp and Gly residues. The DNA sequences of the 
15 oligonucleotides used are as follows: 

Sense oligonucleotide: 5' GATCCGGCCGACGAGGTGGACGGCGAA 
TCCGCGGTAC 3' (SEQ ID NO:l 1) 

Antisense oligonucleotide: 5' CGCGGATTCGCCGTCCACCTCGTCGGCCG 3' 
(SEQ ID NO: 12) 

20 

Once annealed, the oligonucleotides formed a double strand of DNA having cohesive 
restriction sites at each of the ends: 5' BamHI and at 3* KpnI. pT7/ Rluc-EYFP was 
digested using BamHI and KpnI and the annealed double oligonucleotide was subcloned 
into the pT7/ Rluc-EYFP vector. The Rluc-EYFP and the Rluc-caspase-EYFP fusion 
25 genes were then subcloned from the pT7 vector into the mammalian expression vector, 
pCEP4 (Invitrogen) using Nhel and NotI restriction enzymes. 

The DNA sequences of the two constructs needed in this example are presented in Figures 
5 (SEQ ID NO: 1) and 9 (SEQ ID NO: 3). 



pCEP4/Rluc-EYFP and pCEP4/Rluc-caspase-EYFP DNAs were transfected into HeLa 
cell using LipofectAMINE (BRL/Gibco-Life technologies) in 100mm dishes as described 
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in the manufacturer's protocol. 24 hours post-transfection, transfected cells were 
harvested and distributed into 96-well microtiterplates (white Optiplate from Packard) at a 
density of 30,000 cells per well. The following day, cells were induced to undergo 
apoptosis using IpM staurosporine dissolved in ISCOVE media (BRL/Gibco-Life 
5 technologies) without serum and phenol red at 37°C (total volume here is 100|il) for 5 
hours. 50 \il of BRET buffer (PBS Ca 2 7Mg 2+ + glucose without aprotinin) and 50\xl of 
coelenterazine h (20|jM) were added to start the bioluminescence reaction. Light 
emissions were detected using the BRETCount (read length 1 sec for each filter, 
temperature 25°C). Data was collected 10 minutes after the addition of coelenterazine h. 
10 The assay was done in quadruplicate. 

Figure 10 gives representative BRET ratio changes in HeLa cells after 5 hours of apoptosis 
induction by staurosporine. A significant ratio change (0.1 unit) occurs when cells 
transfected with the apoptosis sensor were induced by staurosporine. Ratios decreased. 

15 

EXAMPLE III: Alternative Apoptosis Sensor 

In this example, a BRET apoptosis sensor was prepared by introducing a caspase-3 
recognition site in the linker region of the GFP-Rluc fusion construct. Upon induction of 
apoptosis, caspase-3 recognizes and cleaves the linker region, thereby separating Rluc 
20 from EGFP. Therefore, induction of apoptosis will decrease the BRET ratio over time. 

pGFPl::Rluc construct 

pGFPl ::Rluc was made by introducing the codon humanized Rluc gene from the 
pCDNA3.1/Rluc (h) vector into the pGFPl-C2 vector (see Technical data sheet from 
BioSignal Packard , Montreal). In order to prepare pCDNA3.1/Rluc (h) the cDNA of Rluc 
25 was codon humanized using methods previously described (U.S. Patent No. 5,874,304 and 
Zolotukhinefa/, 1 Virol. 70: 4646-4654, 1996). Briefly, humanized Rluc (hRluc) was 
synthesized using a series of ligated polymerase extended oligonucleotides. The hRluc 
sequence confirmed by DNA sequencing and hRluc was subcloned in pCDNA3.1 zeo (+) 
to form pCDNA3.1/Rluc (h). 

30 

GFP1 is a mutant of the Green Fluorescent Protein (GFP) having a unique mutation at 
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position 64 (amino acid positioning is relative to the GFP wild type) where the 
phenylalanine has been replaced by a leucine. pCDNA3.1/Rluc (h) was digested with 
Apal and BamHI. After digestion, products were separated on an agarose gel. A band 
corresponding to Rluc (h) gene (around 920 base pair in length) was cut from the agarose 

5 gel and purified using the Qiaquick spin kit (Qiagen). The purified band was then 

subcloned in the pGFPl-C2 vector digested with Apal and BamHI. The linker between 
GFP1 and Rluc was then shortened by digesting the pGFPl::Rluc vector with BspEl 
followed by a fill-in reaction using Klenow enzyme to blunt the end. After the Klenow 
reaction, the product was purified using Qiaquick spin kit, digested with EcoRV, purified 

10 another time (Qiaquick) and then ligated using ligase. This procedure removed 47 

nucleotides from the original pGFPl-C2 vector and creates the following linker between 
GFP1 and Rluc: 

TCCGGATCAAGCTTGCGGTACCGCGGGCCCTCTAGAGCCACCATG (SEQ ID 
NO:13). 

15 This linker contains convenient unique restriction site that can be used to subclone 
fragments between the GFP1 and Rluc genes. These restriction sites are (5' to 3' 
. orientation): BspEl, Hindlll, Kpnl, SacII, Apal and Xbal. Figure 11 shows a DNA 
sequence (SEQ ID NO:4) encoding the GFP:Rluc fusion protein containing a unique 14 
amino acid linker region between the GFP and the Rluc. 

20 Introduction of caspases-3 site between GFPl:;Rluc construct 

The caspase-3 site was introduced in the pGFPl::Rluc vector using annealed 
complementary oligonucleotides. We annealed two complementary oligonucleotides 
encoding the following caspase-3 site: Gly-Asp-Glu-Val-Asp-Gly. Only the sequence 
Asp-Glu-Val-Asp is needed for recognition by caspase-3. Caspase-3 cuts between the 
25 Asp and Gly residues. 

Sense oligonucleotide: 5' AGCTTGGGCGACGAGGTGGACGGCGGGCC 3' 
(SEQIDNO:14) 

Antisense oligonucleotide: 5' ACCCGCTGCTCCACCTGCCGC 3' (SEQ ID 
NO:15) 

30 

The above two oligonucleotides (sense and antisense) were synthesized (by BRL/Gibco- 
Life Technologies). The two oligonucleotides are complementary to each other and were 
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annealed together using standard molecular biology techniques (Ausubel, F.M. et aL: 
Current protocols in molecular biology, Vol. 1 (1995) John Wiley & Sons, Inc.; 
Sambrook, J. Fritsch, E.F. & Maniatis, T.: Molecular Cloning: A laboratory manual, 2 nd 
ed. (1989) Cold Spring Harbor Laboratory Press). The oligonucleotides were engineered 

5 in order to generate cohesive ends after their annealing. Hindlll is found at the 5' end and 
Apal is found at the 3' end. Hie double stranded product generated after annealing was 
introduced into the GFPl::Rluc construct digested using Hindlll and Apal. Hindlll and 
Apal are unique restriction sites found in the linker region between the GFP and RIuc 
genes. The final structure is GFPl:caspase-3:Rluc and as shown in Figure 12. Since 

10 originally the GFP::Rluc was already in a expression vector compatible for transfection 
and expression of the protein in mammalian cells (pGFP background), no further 
modification was required. The pGFPl:caspase-3:Rluc plasmid DNA used for the 
transfections was purified using the Maxi-Prep kit from Qiagen. 

Expression 

15 PGFPl:caspase-3:Rluc DNAs and the original plasmid pGFPl::Rluc (without the caspase- 
3 site) were transfected into HeLa cell using LipofectAMINE (BRL/Gibco-Life 
technologies) in 100mm dishes and 8 fig of plasmid DNA as described in the 
manufacturer's protocol. Twenty-four hours post-transfection transfected cells were 
harvested and distributed into 96-well microtiterplate (white Optiplate from Packard) at a 

20 density of 30 000 cells per well. The following day, cells were washed with PBS and were 
induced to undergo apoptosis by adding 100^.1 of Iscove media without serum and phenol 
red (BRL/Life Technologies) containing staurosporine at a final concentration of IjjM (+ 
inducer; see Figure 13) or lOOjxl of Iscove alone (-inducer). Cells were incubated for 5 
hours at 37°C. After this period, 50 pi of BRET buffer (PBS Ca 2 7Mg 2+ + glucose without 

25 aprotinin) and 50^1 of DeepBlueC (20 |iM) were added to start the bioluminescence 
reaction. Total assay volume was 200|il. Light emissions were detected using the 
BRETCount (read length of 1 sec. for each filter, SPC mode, temperature 25°C). The 
results represent the mean +/- SEM of quadruplicate wells. The graphs were generated 
using GraphPad PRISM software. In all cases, background levels (wells with only DBC in 

30 PBS+) were subtracted. 
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Results 

Figure 13 represents the ratio changes in HeLa cells after 5 hours of apoptosis induction by 
staurosporine. A significant BRET ratio change (0.72 unit at time zero) occurred when 
cells were transfected with the apoptosis sensor (pGFPl:caspase-3:Rluc) and then induced 
to undergo apoptosis by staurosporine. As expected, the ratio decreased indicating that 
cellular caspase-3 recognized and cutthe cleavage site between the GFP1 and Rluc 
moieties. No change in BRET ratio was observed in cells transfected with the pGFP::Rluc 
or in ceils transfected with the pGFP:caspases-3:Rluc without staurosporine (-inducer). 

The: GFPl::Rluc construct was sequenced in its entirety (SEQ ID NO:4) using an ABI 
automated sequencer (ABI Prism 310 Genetic Analyzer from Perkin Elmer). 

EXAMPLE IV: BRET Assay Using a Fusion Molecule Sensitive to Phosphorylation 

This example demonstrates the effect on the energy transfer between the donor and the 
acceptor of the presence of a phosphate group in die modulation region (see Figure 14). 
The Rluc::EYFP fusion molecule has been used to make another fusion called 
Rluc:PKA:EYFP in which a phosphorylation site for protein kinase A (PKA) has been 
introduced in between the donor and acceptor moieties. 

DNA construct 

The pT7/Rluc::EYFP vector DNA (from Xu et al, (1999) Proc. Natl. Acad. Sci. 96, 151- 
156) was digested with NheL-NotI to release the Rlucr.EYFP insert (approximately 1.7kB). 
This insert was then subcloned into pCDNA3.1/zeo (+) using the Nhel and NotI restriction 
sites to form a new vector called pCDNA3.1/Rluc::EYFP. This new vector was digested 
at unique BamHI and Kpnl sites found inbetween the Rluc gene and EYFP gene. A 
chemically synthesized DNA insert encoding SEQ ID NO: 16 was directionally introduced 
inbetween the digested sites to form the final pCDNA3.1/Rluc:PKA:EYFP plasmid. 

The PKA phosphorylation site introduced in between Rluc and EYFP genes (Rluc::EYFP) 
was: LRRASLG (single amino acid code, SEQ ID NO: 16) based on the sequence found in 
Kemp, B. E. et al. (1977) J. Biol. Chem. 252, 4888. The cellular PKA enzyme recognizes 
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The overall modulator region is 18 amino acids in 



Two oligonucleotides (sense and antisense) were synthesized (by BRL/Gibco-Life 
5 Technologies) corresponding to the PKA site. The two oligonucleotides are 

complementary to each other and were annealed together using standard molecular biology 
techniques. The oligonucleotides were engineered in order to generate cohesive ends after 
annealing, ie. BamHI (5' end) and Kpnl (3'end), so that the double stranded DNA, could 
be subcloned into the Rluc::EYFP at the BamHI-Kpnl sites. 

10 

The DNA sequences of the complementary oligonucleotides corresponding to the PKA 
site and having the cohesive ends are as follows: 

sense oligonucleotide 5' GATCCGCTGAGGAGGGCCAGCCTGGGCGC 

GGTAC 3' (SEQIDNO:17) 
15 antisense oligonucleotide: 5' CGCGCCCAGGCTGGCCCTCCTCAGCG 3' (SEQ 

IDNO:18) 



The DNA sequence for the Rluc:PKA:EYFP fusion construct is shown in Figure 15. 

Transfection and BRET assay. 

20 CHO-K1 cells were transfected using the pCDNA3.1/Rluc:PKA:EYFP plasmid and 

LipofectAMINE reagent in 100 mm dishes (0.2 ng DNA) according to the manufacturer's 
protocol (Life Technologies, Rockville, MD). Two days after transfection, transfected 
cells were starved for two 2 hours in MEM before being washed (in PBS), harvested, 
counted and distributed into 96- well microtiterplate (white Optiplate from Packard 

25 Instruments, Meriden, CT) at a density of 50 000 cells per well in PBS (Life Technologies 
Cat. No. 14287-080) + 10 mM DTT and 2 |ag/ml aprotinin. Cellular PKA enzyme is 
activated by increasing the cAMP content of the cell. This can be achieved using the 
forskolin drug which is an activator of adenylate cyclase. Adenylate cyclase is a integral 
membrane protein producing cAMP from ATP once activated by G-proteins or drug such 

30 as forskolin. Therefore, forskolin was added to each well at various concentrations (see 
Figures 16). Coelenterazine (the h derivative from Molecular Probes, Eugene, OR) to a 
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final concentration of 5 was then added to start the bioluminescence reaction of the 
Rluc. The final assay volume per well was 200 pi. Light emissions from each well were 
quantified using the BRETCount. The BRETCount instrument is a modified TopCount. 
The TopCount is a microtiterplate scintillation and luminescence counter sold by Packard 
5 Instrument (Meriden, CT). Unlike the classical counters which utilized two 

photomultiplier tubes (PMTs) in coincidence to reject noise, TopCount employs single- 
PMT technology and time-resolved pulse counting for noise reduction to allow counting in 
an opaque standard format microtiterplate. The use of opaque microtiterplates can reduce 
optical crosstalk to negligible levels. The TopCount comes in various formats: eg. 1, 2, 
10 6, 12 detectors (PMTs) which can read simultaneously 1, 2, 6 or 12 samples, respectively. 

We have modified a 2-detector TopCount in order to measure BRET. This prototype was 
later called BRETCount. Bandpass interference filters were positioned under each 
TopCount PMT (between the PMT and the detector mounting plate). Furthermore, the 

15 TopCount software was modified to allow each well of a microtiterplate to be read by each 
PMT. These modifications allow the sequential detection of light emitted at specific 
wavelengths from the samples. Therefore, for each well (or sample) we obtained two light 
output values corresponding to each filter. Beside its throughput (microtiterplate reader), 
the TopCount is a temperature controlled instrument which is useful when performing 

20 cell-based assays or timecourse experiments. 

The bandpass interference filters were designedbased on emission spectra. The two filters 
used were: 

• for the acceptor emission (fluorophore): 550DF80 (Omega Optical Inc, Brattleboro 
25 VT) 

• for the donor emission (bioluminescent protein): 470DF60 (Omega Optical Inc, 
Brattleboro VT) 

In this example, BRET was measured by dividing the light output for the 550 nm filters by 
30 the 470nm (acceptor/donor). Instrument parameters used for the BRETCount were: 
-Assay temperature: 30 °C. 
-Single Photon Counting mode 
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Results 

Figure 16 represents the effect of forskolin on the BRET ratio (550/470) over time. At any 
5 specific time after addition of coelenterazine, the use of forskolin decreases the BRET 
ratio indicates that the energy transfer is perturbed (decreased) by the presence of the 
phosphate group added by PKA to the site positioned in between the Rluc and EYFP 
moieties. Furthermore, the change in the BRET ratio is forskolin dose-dependent such 
that the BRET ratio decreases with an increase in the concentration of forskolin. 

10 

EXAMPLE V: Preparation of a Fusion Molecule with a Modulator Containing a 

Kemptide Sequence 

A) Modulator-FAM-BDP Configuration 

Molecular biology 

15 1. Introduction of the GFP1 : :Rluc fusion gene into the pQE60 vector 

The pQE60 vector is bacterial expression vector commercialized by Qiagen. Any DNA 
fragment when subcloned into the multiple cloning site of pQE60 and expressed, is fused 
to a His-tag sequence at its C-terminus; this vector is used to express a gene of interest 

20 fused to a His -tag, in bacteria. Once the fusion protein has been expressed, the His-tag 
sequence is used to purify the fusion protein using Ni-NTA bead technology (see the 
Qiaexpressionist booklet July 1998 Third Ed. from Qiagen). In order to incorporate the 
DNA sequence encoding the fusion GFP1; :Rluc construct into pQE60, we removed the 
Rluc and GFP stop codons. This was done by PCR (loop out) using primers that were 

25 designed to omit the stop codons during amplification. The PCR also primers contained 
unique restriction sites to facilitate the subcloning of the amplified products. The primers 
were also engineered in order for the GFP gene, the Rluc gene and the His-tag to all be in 
frame. The DNA sequences of the PCR primers used to amplify the GFP1 gene without 
its stop codon are : 

30 Sense primer: 5' CATGCCATGGGCCACCATGGTGAGCAAGG 3' (the Ncol 
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restriction site is underlined) (SEQ ID NO: 19) 

Antisense primer: 5 f C GGGATCC GGACTTGTACAGCTC 3' (the BamHI 
restriction site is underlined) (SEQ ID NO:20) 

5 The DNA sequences of the PCR primers used to amplify the Rluc gene without its stop 
codon were : 

Sense primer: 5' C GGGATCC AGCTTGCGGTACCGCGGGCCCTCTAGAGCC 
ACCATGACTTCGAAAGTT 3' (the BamHI restriction site is underlined) (SEQ 
ID NO:21) 

10 Antisense primer: 5' G AAGATCTT TGTTCATTTTTGAGAACTCGC 3' (the 

Bglll restriction site is underlined) (SEQ ID NO:22) 

2. PCR amplification 

PCR was performed in 50 pi using a 9600 PCR Turbo instrument from Perkin Elmer. The 
pBRET+ vector (see technical data sheet from BioSignal Packard) was used as the DNA 
template for the PCR. This vector contains a fusion Rluc : :GFP1 gene construct. The 
PCR primers and dNTP were ordered from Life technologies. The PFU turbo polymerase 
from Stratagene was used for the amplification. PCR reactions were carried out as 
follows: 

Denaturation step at 95 °C for 2 min. 
Hot start at 80 °C 

25 cycles of: denaturation 95 °C 1 min. 

annealing 58 °C for 10 sec for GFP amplification and at 56 °C 

for the Rluc amplification 
elongation 72 °C for 1 min. 
Final elongation step 72 °C for 10 min 

Both the amplified Rluc.and GFP PCR products were subcloned first into the PCR TOPO 
30 Blunt II vector (Invitrogen) according to the manufacturer's protocol which was then used 
to transform standard, competent (bacterial) cells (Ausubel, F.M. et al.: Current protocols 
in molecular biology, Vol. 1 (1995) John Wiley & Sons, Inc.; Sambrook, J. Fritsch, E.F. 
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& Maniatis, T.: Molecular Cloning: A laboratory manual, 2 nd ed. (1989) Cold Spring 
Harbor Laboratory Press). Positive clones were screened by restriction digests with 
BamHI, BglH and Ncol enzymes. One positive clone for the GFP was chosen and 
digested with Ncol and BamHI restriction enzymes to excised the the DNA fragment 
5 corresponding to the amplified GFP (around 720 base pair in length), which was then 
separated out on an agarose gel, cut out of the gel and purified using the QiaQuick kit 
(Qiagen). This fragment was then subcloned into the multiple cloning site of pQE60 
vector using the Ncol and BamHI restriction sites. The pQE-60 vector was first digested 
with Ncol and BamHI restriction enzymes and then dephosphorylated with CIAP using a 

10 standard protocol (Ausubel, F.M. et al: Current protocols in molecular biology, Vol. 1 
(1995) John Wiley & Sons, Inc.; Sambrook, J. Fritsch, E.F. & Maniatis, T.: Molecular 
Cloning: A laboratory manual, 2 nd ed. (1989) Cold Spring Harbor Laboratory Press). The 
linearized vector was then purified using agarose gel electrophoresis and a Qiaquick kit 
(Qiagen). Positive clones indicative of the insertion of the GFP DNA fragment into the 

15 pQE60 vector were screened using a NcoI/BamHI double digest. 

A positive clone was chosen and digested using BamHI and Bglll enzymes and then 
purified using Qiaquick kit (Qiagen). This linearized vector was used for the subcloning of 
the amplified Rluc. One positive Rluc clone (from the PCR TOPO blunt II vector) was 

20 chosen and digested with BamHI and Bglll enzymes. The resulting DNA fragment 

corresponding to the amplified Rluc (around 9230 base pair in length) was separated out 
on agarose gel, cut out of the gel and purified using the QiaQuick kit (Qiagen). This 
fragment was then subcloned into the pQE60/GFP vector at the BamHI and Bglll 
restriction sites to yield the pQE60/GFPl::Rluc vector. The GFPl::Rluc construct in 

25 pQE60/ GFPl::Rluc was sequenced in its entirety using an ABI automated sequencer 
(ABI Prism 310 Genetic Analyzer from Perkin Elmer). 

3. Introduction of the kemptide sequence at the N-terminus of the GFPl::Rluc 

30 The Kemptide sequence is the amino acid sequence LRRASLG (in single amino acid 
code) which is recognized and phosphorylated by protein kinase A (PKA) on the serine 
residue. This sequence is often used as peptide substrate to measure PKA activities in cell 
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extracts (Giembycz etal (1990) Biochem, Pharmacol 39, 271-283; Langlands etal 
(1990) Biochem Pharmacol. 39, 1365-1374. Kemptide sequence has been introduced at 
the beginning of the fusion GFPl::Rluc construct. 

5 Two oligonucleotides (sense and antisense) were synthesized (by BRL/Gibco-Life 
Technologies) encoding the kemptide sequence. The two oligonucleotides are 
complementary to each other and were annealed together using standard molecular biology 
techniques (Ausubel, F.M. et aL: Current protocols in molecular biology, Vol. 1 (1995) 
John Wiley & Sons, Inc.; Sambrook, J. Fritsch, E.F. & Maniatis, T.: Molecular Cloning: A 

10 laboratory manual, 2 nd ed. (1989) Cold Spring Harbor Laboratory Press). The 

oligonucleotides were engineered in order to generate cohesive ends after their annealing. 
A methionine residue has been positioned before the kemptide sequence in order for the 
final construct Kemptide: GFPl::Rluc fusion construct to be correctly and efficiently 
translated. Furthermore, a glycine residue has been added next to the first methionine in 

15 order to create a perfect Kozak consensus (see Figure 17 for an overview of the 

modulator). The two cohesive ends were made of Ncol recognition/cleavage sequence. 
Hence, after the annealing step, the double stranded DNA was subcloned into the 
GFPl::Rluc (of pQE60/GFPl::Rluc) using the Ncol site located at the beginning of the 
GFP1 : :Rluc construct. The modulator sequence has been engineered in order to be in 

20 frame with the GFP::Rluc sequences. 

The DNA sequences of the oligonucleotides corresponding to the kemptide sequence and 

having cohesive ends are as follows: 

Sense oligonucleotide: 5' CATGGGCCACCATGGGCCTGAGGAGGGCCAG 

25 CCTGGGCC 3' (SEQ ID NO:23) 

Antisense oligonucleotide: 5' CCGGTGGTACCCGGACTCCTCCCGGTCGGA 
CCCGGGTAC 3 f (SEQ IDNO:24) 

After subcloning, the modulator:GFP::Rluc construct was sequenced in its entirely using 
30 an ABI automated sequencer (ABI Prism 310 Genetic Analyzer from Perkin Elmer). The 
DNA sequence of the final fusion product in presented in Figure 18. 

Note here that the order of insertion of the various components into the final need not be 
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done in the order described above. For example, the modulator can be inserted first and 
then the fusion gene GFP::Rluc inserted to create the final construct. 



B) FAM-BDP-Modulator Configuration 

5 In this configuration, a kemptide sequence was introduced after the coding region of Rluc 
in the fusion GFPl:Rluc protein construct. 

Two oligonucleotides (sense and antisense) were synthesized (by BRL/Gibco-Life 
Technologies) corresponding to the kemptide sequence. The two oligonucleotides are 

10 complementary to each other and were annealed together using standard molecular biology 
techniques (Ausubel, F.M. et al.: Current protocols in molecular biology, Vol. 1 (1995) 
John Wiley & Sons, Inc.; Sambrook, J. Fritsch, E.F. & Maniatis, T.: Molecular Cloning: A 
laboratory manual, 2 nd ed. (1989) Cold Spring Harbor Laboratory Press). The 
oligonucleotides were engineered in order to generate cohesive ends after annealing. The 

15 two cohesive ends consisted of the Bglll recognition/cleavage sequence. After annealing 
the double stranded DNA was subcloned at the Bglll site located at the end of the 
GFPl::Rluc construct. The modulator sequence was engineered to be in frame with the 
GFPl::Rluc sequences 

20 The DNA sequences of the complementary oligonucleotides corresponding to the 
kemptide sequence and having the cohesive ends are as follows: 

Sense oligonucleotide: 5' GATCTCTGAGGAGGGCCAGCCTGGGCA 3' (SEQ 
ID NO:25) 

Antisense oligonucleotide: 5' AGACTCCTCCCGGTCGGACCCGTCTAG 3' 
25 (SEQ ID NO:26) 

After subcloning, the: GFP::Rluc:modulator construct was sequenced in its entirety using 
an ABI automated sequencer (ABI Prism 310 Genetic Analyzer from Perkin Elmer). The 
DNA sequence of the final fusion product in presented in Figure 19. 

30 
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C) Other strategy for subcloning the modulator. 

The modulator (in this case the kemptide sequence) in the alternative can be introduced 
using the polymerase chain reaction (PCR). In this approach, the kemptide sequence is 
incorporated into one of the primers used for the PCR. Where the modulator sequence is 
5 positioned at the beginning of the fusion protein (modulator:GFP::Rluc), the primers 
(oligonucleotides) could have the following structure: 

Sense primer (5 -3' orientation): Restriction site-methionine- kemptide sequence- 

Rluc or GFP coding region 

Antisense primer: (5'-3' orientation): Restriction site-stop codon-Rluc or GFP 
10 coding region). 

If the modulator is positioned at the end of the fusion construct (GFP::Rluc:modulator), 
then the reverse (antisense) primer would contain the DNA sequence encoding for the 
Kemptide sequence. 

15 

Note that specific nucleotide sequences are not listed for the sense and antisense primers 
since many different nucleotide sequences having the above structures can be designed. 

PCR is performed using standard protocols (Ausubel, F.M. et al.: Current protocols in 
20 molecular biology, Vol. 1 (1995) John Wiley & Sons, Inc.; Sambrook, J. Fritsch, E.F. & 
Maniatis, T.: Molecular Cloning: A laboratory manual, 2 nd ed. (1989) Cold Spring Harbor 
Laboratory Press) and a plasmid containing the GFP1 gene as the template. After 
amplification, the amplified product is usually purified using agarose gel electrophoresis 
and kits such as Qiaquick form Qiagen, before being subcloned into an expression vector 
25 or a shuttle vector (intermediate vector), both containing the Rluc gene. 

D) Counterpart configurations: 

Two further configurations that can be prepared are a modulator-BDP-FAM or a BDP- 
FAM-modulator, generated using similar molecular biology techniques as described for 
30 the modulator-FAM-BDP or the FAM-BDP-modulator above. 
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EXAMPLE VI: Calculating Energy Transfer Efficiencies - Quantification of BDP 

and FAM Emissions 

A 2-detector TopCount was modified (BRETCount) in order to measure BRET. Bandpass 
interference filters were positioned under each TopCount PMT (between the PMT and the 
5 detector mounting plate). Furthermore, the TopCount software was modified to allow 
each well of a microtiterplate to be read by each PMT. These modifications allow the 
sequential detection of light emitted at specific wavelengths from the samples. For each 
well (or sample) two light output values were obtained that corresponded to each optical 
filter. TopCount is a temperature controlled instrument which is particularly useful when 
10 performing cell-based assays or time-course experiments. 

For the examples presented herein, the bandpass interference filters were designed based 
on emission spectra of BDP and FAM, as indicated below: 

1. for the acceptor emission (fluorophore): 410DF80 (Omega Optical Inc, 
15 Brattleboro VT) 

2. for the donor emission (bioluminescent protein): 515/50 nm (Chroma 
Technology Corp., Brattleboro VT) 

Alternative optical filter combinations can be designed, depending on the BDP and FAM 
20 used in the assay. 

In this example, BRET is measured by dividing the light output for the 515 nm filters by 
the 410 nm filters (acceptor/donor). The instrument parameters used for the BRETCount 
were: 

25 • Assay temperature: 25 °C. 

• Single Photon Counting mode 

• Read length of 2 sec for each PMT 

Cells (CHO-K1) were transfected using LipofectAMINE (Life Technologies, Rockville 
30 MD) with either pRL-CMV DNA (that constitutively expresses Rluc) or a vector 

pCDNA3.1/Rluc::GFPuv) constitutively expressing the fusion construct Rluc::GFPuv 
(GFPuv comes from Clontech, Palo Alto CA). Two days post-transfection, cells were 
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harvested, counted and distributed into 96-well plates (white Optiplate from Packard 
Instruments, Meriden CT) at a density of 50 000 cells per well in PBS + Ca 2+ + Mg 2+ + 
glucose + 2 tig/ml aprotinin. Typically transfection efficiencies were in the range of 50 - 
60 % (calculated by counting GFP fluorescent cells under a fluorescence microscope) 
when performed according to the manufacturer's protocol Coelenterazine 400a was then 
added (to a final concentration of 5 \iM) to each well to initiate the bioluminescence 
reaction. Light outputs were determined using the BRETCount with the 400 nm optical 
filter (donor emission) and the 510 nm optical filter (acceptor emission) and using the 
normal TopCount (ie. without the use of any filter), which allows the determination of 
light output for all wavelengths (open spectrum). Eight measurements were made for each 
type of transfected cells and for each type of measurement for a total of 48 measurements 
per assay. Table 6 shows the mean values for the different assay conditions. Instrument 
parameters for BRETCount were 25 °C, with a read time of 2 sec in photon counting 
mode; and for the TopCount, 19 °C, with a read time of 1 sec in photon counting mode. 

The invention being thus described, it will be obvious that the same may be varied in 
many ways. Such variations are not to be regarded as a departure from the spirit and scope 
of the invention, and all such modifications as would be obvious to one skilled in the art 
are intended to be included within the scope of the claims. 
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Table 1: Exemplary BRET BDP and FAM Combinations 





Substrate 


Substrate 
wavelength 
(peak) 


:{)- FAM 


Wavelength 
of acceptor 
(Ex/Em) 


Rluc 


Coelenterazine 
Wild type 


470nm 


Fluorescein 


490/525nm 


Rluc 


Coelenterazine 
Wild type 


470nm 


Acridine yellow 


470/550nm 


Rluc 


Coelenterazine 
Wild type 


470nm 


Nile red 


485/525nm 


Rluc 


Coelenterazine 
cp 


442nm 


Lucifer yellow 


428/540nm 


Rluc 


Coelenterazine 
400 


400nm 


Quin-2 


365/490nm 


Rluc 


Coelenterazine 
400 


400nm 


Dansylchloride 


380/475nm 


Firefly 
luciferase 


iuciferin 


560nm 


Cyanine Cy3 


575/605 


Firefly 
luciferase 


luciferin 


560nm 


Texas red 


590/615 



Table 2 



s 1 : . ,jf.$f' 

Parameters / »£* ' '' ' . 


Final quantity or 'final 
concentration 


DNA template 


10 ng 


PFU buffer 10X (from Stratagene) 


lx 


dNTPs lOmM 


250 yM 


Primer sense (ImM) 


500 \iM 


Primer antisense (ImM) 


500 |aM 


Milli-Q grade water 


to complete to 50 (al | 


PFU enzyme* 


2.5 U 



*added last during the. hot start procedure 
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Table 3 



/Constructs 1 ^ ^ | t 


^Intensity* 1 
400nmj; 




[Intensity* <CPS)W 
51Gnm 


Intensity*" : ; 
(CPS)open 
spectrum * : 


Rluc (pRL-CMV) 


1933 




738 


9153 


Rluc::GFPuv 

(pcDNA3.1/Rluc::GFPuv) 


1008 




944 


15770 



Table 4 



Constructs ".T'^i r ■ 

\ : 1 .. 


•i ■ . <%' £ 
Ratio eq,r t 


* ■ . . *, ^ 
Ratio eq.2 .>>? 

f 


iRatio eq.3 


Ratio eq,l 


Rluc (pRL-CMV) 


0.382 


2.619 


0.0877 


3.734 ! 


Rluc::GFPuv 

(pcDNA3.1/Rluc::GFPuv) 


0.936 


1.068 


0.0637 


14.637 
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WE CLAIM: 

1. A bioluminescence resonance energy transfer (BRET) system comprising a fusion 
protein comprising: 

(a) a bioluminescent donor protein (BDP) ; 

(b) a fluorescent acceptor molecule (FAM) that can accept the energy from the 
BDP when they are associated, in the presence of the appropriate substrate; 
and 

(c) a modulator, 

wherein said BDP, FAM and modulator are fused such that a physical change in 
the modulator influences the energy transfer efficiency between the BDP and the 
FAM. 

2. The BRET system according to Claim 1, wherein said physical change in the 
modulator is selected from the list consisting of: cleavage, chemical modification, 
enzymatic modification, conformational change, binding of one or more 
molecule (s), binding of one or more anaiyte(s); 

3. The BRET system according to claim 1, wherein the modulator is fused either 
genetically or chemically to the BDP and FAM. 

4. The BRET system according to claim 1, wherein the modulator is chemically 
attached to a linker molecule that links the FAM to the BDP. 

5. The BRET system according to claim 1, wherein the modulator is attached to the 
FAM which is attached to the BDP. 

6. The BRET system according to claim 1, wherein the modulator is attached to the 
BDP which is attached to the FAM. 

7. The BRET system according to claim 1, wherein the modulator is genetically 
inserted at the amino or carboxy terminus of the FAM which is attached to the 
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BDP. 

8. The BRET system according to claim 1, wherein the modulator is genetically 
inserted at the amino or carboxy terminus of the BDP which is attached to the 
FAM. 

9. The BRET system according to claim 1, wherein the modulator is an enzyme 
substrate. 

10. The BRET system according to claim 1, wherein the modulator is a selected from 
the list consisting of: a protease recognition site, a protease cleavage site, a DNA 
restriction enzyme recognition site, a DNA restriction enzyme cleavage site, a 
phosphorylation site, a glycosylation site, an ion binding domain, a second 
messenger binding site, an enzyme substrate site, a methylation site,a lipid binding 
site, a sulfation site, an isoprenylation site, an allosteric site, or any post 
translational modification site or a fragment thereof of any of these sites. 

11. The BRET system according to claim 1, wherein the BDP is an enzyme that will 
act on the substrate to generate a luminescent molecule. 

12. The BRET system according to claim 11, wherein the BDP has lucif erase activity. 

13. The BRET system according to claim 11, wherein the BDP is Renilla lucif erase, 
Firefly luciferase, Gaussia luciferase, Aequorin, or any enzyme having 
bioluminescent activity. 

14. The BRET system according to claim 11, wherein the enzyme is P-galactosidase, 
horseradish peroxidase, alkaline phophatase, p-glucuronidase or p-glucosidase. 

15. The BRET system according to claim 1, wherein the FAM is green fluorescent 
protein, fluorescein, acridine yellow, nile red, lucifer yellow, quin-2, dansyl 
chloride, cyanine Cy3 or Texas red. 
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16. The BRET system according to claim 1, wherein the FAM is the green fluorescen 
protein or a mutant thereof, or the red fluorescent protein or mutant thereof. 

17. The BRET system according to claim 1, additionally comprising a substrate which 
when acted upon by the BDP will generate luminescence. 

18. The BRET system according to claim 17, wherein the substrate is luciferin, 
coelenterazine, a derivative of coelenterazine or related compounds. 

19. Use of the BRET system of claim 1 as an apoptotic sensor, wherein said modulator 
is a caspase cleavage site. 

20. Use of the BRET system of claim 1 to detect kinase activity, wherein said 
modulator is a phosphorylation site. 

21. Use of the BRET system of claim 1 to detect energy transfer in cell free system. 

22. Use of the BRET system of claim 1 in a host cell by introducing the fusion 
molecule into live cells. 

23. The use according to claim 22, wherein said introduction is by microinjection or 
molecular carrier technology. 

24. A recombinant nucleic acid encoding a fusion protein comprising a bioluminescent 
donor protein (BDP), a fluorescent acceptor molecule (FAM) that can accept the 
energy from the BDP when they are associated in the presence of the appropriate 
substrate, and a modulator, wherein said BDP, FAM and modulator are fused such 
that a physical change in the modulator influences the energy transfer between the 
BDP and the FAM. 

25. A vector comprising the recombinant nucleic acid according to claim 21. 
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26. A host cell comprising the recombinant nucleic acid according to claim 21 or the 
vector of claim 22. 

27. A method of producing a bioluminescence resonance energy transfer (BRET) 
system comprising: 

(a) genetically engineering a fusion gene encoding a bioluminescent donor 
protein (BDP) fused with a fluorescent acceptor molecule (FAM), that can 
accept the energy from the BDP when they are associated in the presence of 
the appropriate substrate, and a modulator; and 

(b) expressing said fusion gene to produce a fusion protein, 

wherein said BDP, FAM and modulator are fused such that activity upon the 
modulator influences the energy transfer efficiency between of the BDP and the 
FAM. 

28. A method of producing a bioluminescence resonance energy transfer (BRET) 
system comprising: 

chemically linking a bioluminescent donor protein (BDP) to a fluorescent acceptor 
molecule (FAM), that can accept the energy from the BDP when they are 
associated in the presence of the appropriate substrate, and a modulator wherein 
said BDP, FAM and modulator are linked such that a physical change in the 
modulator influences energy transfer efficiency between the BDP and the FAM. 

29. A method of producing a bioluminescence resonance energy transfer (BRET) 
system comprising: 

(a) producing a fusion protein from the recombinant nucleic acid of claim 21, 
the vector of claim 22 or the host cell of claim 23; and 

(b) purifying said fusion protein and optionally 

(c) chemically modifying the purified fusion protein. 
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FIGURE 3b 
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FIGURES 



ATGACTTCGA AAGTTTATGA TCCAGAACAA 
TGGGCCAGAT GTAAACAAAT GAATGTTCTT 
AAACATGCAG AAAATGCTGT TATTTTTTTA 
CGACATGTTG TGCCACATAT TGAGCCAGTA 
ATGGGCAAAT CAGGCAAATC TGGTAATGGT 
CTTACTGCAT GGTTTGAACT TCTTAATTTA 
TGGGGTGCTT GTTTGGCATT TCATTATAGC 
GTTCACGCTG AAAGTGTAGT AGATGTGATT 
GAAGATATTG CGTTGATCAA ATCTGAAGAA 
TTCGTGGAAA CCATGTTGCC ATCAAAAATC 
GCATATCTTG AACCATTCAA AGAGAAAGGT 
CGTGAAATCC CGTTAGTAAA AGGTGGTAAA 
AATGCTTATC TACGTGCAAG TGATGATTTA 
TTCTTTTCCA ATGCTATTGT TGAAGGTGCC 
GTAAAAGGTC TTCATTTTTC GCAAGAAGAT 
TCGTTCGTTG AGCGAGTTCT CAAAAATGAA 
GCCACCATGG TGAGCAAGGG CGAGGAGCTG 
CTGGACGGCG ACGTAAACGG CCACAAGTTC 
ACCTACGGCA AGCTGACCCT GAAGTTCATC 
CCCACCCTCG TGACCACCTT CGGCTACGGC 
ATGAAGCAGC ACGACTTCTT CAAGTCCGCC 
ATCTTCTTCA AGGACGACGG CAACTACAAG 
ACCCTGGTGA ACCGCATCGA GCTGAAGGGC 
GGGCACAAGC TGGAGTACAA CTACAACAGC 
AAGAACGGCA TCAAGGTGAA CTTCAAGATC 
CTCGCCGACC ACTACCAGCA GAACACCCCC 
AACCACTACC TGAGCTACCA GTCCGCCCTG 
ATGGTCCTGC TGGAGTTCGT GACCGCCGCC 
AAGTAA 



AGGAAACGGA TGATAACTGG TCCGCAGTGG 
GATTCATTTA TTAATTATTA TGATTCAGAA 
CATGGTAACG CGGCCTCTTC TTATTTATGG 
GCGCGGTGTA TTATACCAGA CCTTATTGGT 
TCTTATAGGT TACTTGATCA TTACAAATAT 
CCAAAGAAGA TCATTTTTGT CGGCCATGAT 
TATGAGCATC AAGATAAGAT CAAAGCAATA 
GAATCATGGG ATGAATGGCC TGATATTGAA 
GGAGAAAAAA TGGTTTTGGA GAATAACTTC 
ATGAGAAAGT TAGAACCAGA AGAATTTGCA 
GAAGTTCGTC GTCCAACATT ATCATGGCCT 
CCTGACGTTG TACAAATTGT TAGGAATTAT 
CCAAAAATGT TTATTGAATC GGACCCAGGA 
AAGAAGTTTC CTAATACTGA ATTTGTCAAA 
GCACCTGATG AAATGGGAAA AT AT AT C AAA 
CAACGGGCCC GGGATCCCCG GGTACCGGTC 
TTCACCGGGG TGGTGCCCAT CCTGGTCGAG 
AGCGTGUCCG GCGAGGGCGA GGGCGATGCC 
TGCACCACCG GCAAGCTGCC CGTGCCCTGG 
CTGCAGTGCT TCGCCCGCTA CCCCGACCAC 
ATGCCCGAAG GCTACGTCCA GGAGCGCACC 
ACCCGCGCCG AGGTGAAGTT CGAGGGCGAC 
ATCGACTTCA AGGAGGACGG CAACATCCTG 
CACAACGTCT ATATCATGGC CGACAAGCAG 
CGCCACAACA TCGAGGACGG CAGCGTGCAG 
ATCGGCGACG GCCCCGTGCT GCTGCCCGAC 
AGCAAAGACC CCAACGAGAA GCGCGATCAC 
GGGATCACTC TCGGCATGGA CGAGCTGTAC 
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FIGURE 7 



ATGACTTCGA AAGTTTATGA TCCAGAACAA 
TGGGCCAGAT GTAAACAAAT GAATGTTCTT 
AAACATGCAG AAAATGCTGT TATTTTTTTA 
CGACATGTTG TGCCACATAT TGAGCCAGTA 
ATGGGCAAAT CAGGCAAATC TGGTAATGGT 
CTTACTGCAT GGTTTGAACT TCTTAATTTA 
TGGGGTGCTT GTTTGGCATT TCATTATAGC 
GTTCACGCTG AAAGTGTAGT AGATGTGATT 
GAAGATATTG CGTTGATCAA ATCTGAAGAA 
TTCGTGGAAA CCATGTTGCC ATCAAAAATC 
GCATATCTTG AACCATTCAA AGAGAAAGGT 
CGTGAAATCC CGTTAGTAAA AGGTGGTAAA 
AATGCTTATC TACGTGCAAG TGATGATTTA 
TTCTTTTCCA ATGCTATTGT TGAAGGTGCC 
GTAAAAGGTC TTCATTTTTC GCAAGAAGAT 
TCGTTCGTTG AGCGAGTTCT CAAAAATGAA 
GATAAGTTGG CGGTACCGGT CGCCACCATG 
GTGGTGCCCA TCCTGGTCGA GCTGGACGGC 
GGCGAGGGCG AGGGCGATGC CACCTACGGC 
GGCAAGCTGC CCGTGCCCTG GCCCACCCTC 
TTCGCCCGCT ACCCCGACCA CATGAAGCAG 
GGCTACGTCC AGGAGCGCAC CATCTTCTTC 
GAGGTGAAGT TCGAGGGCGA CACCCTGGTG 
AAGGAGGACG GCAACATCCT GGGGCACAAG 
T AT AT CAT GG CCGACAAGCA GAAGAACGGC 
ATCGAGGACG GCAGCGTGCA GCTCGCCGAC 
GGCCCCGTGC TGCTGCCCGA CAACCACTAC 
CCCAACGAGA AGCGCGATCA CATGGTCCTG 
CTCGGCATGG ACGAGCTGTA CAAGTAAA 



AGGAAACGGA TGATAACTGG TCCGCAGTGG 
GATTCATTTA TTAATTATTA TGATTCAGAA 
CATGGTAACG CGGCCTCTTC TTATTTATGG 
GCGCGGTGTA TTATACCAGA CCTTATTGGT 
TCTTATAGGT TACT T GAT CA TTACAAATAT 
CCAAAGAAGA TCATTTTTGT CGGCCATGAT 
TATGAGCATC AAGATAAGAT CAAAGCAATA 
GAATCATGGG ATGAATGGCC TGATATTGAA 
GGAGAAAAAA TGGTTTTGGA GAATAACTTC 
ATGAGAAAGT TAGAACCAGA AGAATTTGCA 
GAAGTTCGTC GTCCAACATT ATCATGGCCT 
CCTGACGTTG TACAAATTGT TAGGAATTAT 
CCAAAAATGT TTATTGAATC GGACCCAGGA 
AAGAAGTTTC CTAATACTGA ATTTGTCAAA 
GCACCTGATG AAATGGGAAA ATATATCAAA 
CAACGGGCCC GGGATCCGGG CGACGATGAC 
GTGAGCAAGG GCGAGGAGCT GTTCACCGGG 
GACGTAAACG GCCACAAGTT CAGCGTGTCC 
AAGCTGACCC TGAAGTTCAT CTGCACCACC 
GTGACCACCT TCGGCTACGG CCTGCAGTGC 
CACGACTTCT TCAAGTCCGC CATGCCCGAA 
AAGGACGACG GCAACTACAA GACCCGCGCC 
AACCGCATCG AGCTGAAGGG CATCGACTTC 
CTGGAGTACA ACTACAACAG CCACAACGTC 
ATCAAGGTGA ACTTCAAGAT CCGCCACAAC 
CACTACCAGC AGAACACCCC CATCGGCGAC 
CTGAGCTACC AGTCCGCCCT GAGCAAAGAC 
CTGGAGTTCG TGACCGCCGC CGGGATCACT 
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FIGURE 9 



ATGACTTCGA AAGTTTATGA TCCAGAACAA 
TGGGCCAGAT GTAAACAAAT GAATGTTCTT 
AAACATGCAG AAAATGCTGT TATTTTTTTA 
CGACATGTTG TGCCACATAT TGAGCCAGTA 
ATGGGCAAAT CAGGCAAATC TGGTAATGGT 
CTTACTGCAT GGTTTGAACT TCTTAATTTA 
TGGGGTGCTT GTTTGGCATT TCATTATAGC 
GTTCACGCTG AAAGTGTAGT AGATGTGATT 
GAAGATATTG CGTTGATCAA ATCTGAAGAA 
TTCGTGGAAA CCATGTTGCC ATCAAAAATC 
GCATATCTTG AACCATTCAA AGAGAAAGGT 
CGTGAAATCC CGTTAGTAAA AGGTGGTAAA 
AATGCTTATC TACGTGCAAG TGATGATTTA 
TTCTTTTCCA ATGCTATTGT TGAAGGTGCC 
GTAAAAGGTC TTCATTTTTC GCAAGAAGAT 
TCGTTCGTTG AGCGAGTTCT CAAAAATGAA 
GACGGCGAAT CCGCGGTACC GGTCGCCACC 
GGGGTGGTGC CCATCCTGGT CGAGCTGGAC 
TCCGGCGAGG GCGAGGGCGA TGCCACCTAC 
ACCGGCAAGC TGCCCGTGCC CTGGCCCACC 
TGCTTCGCCC GCTACCCCGA CCACATGAAG 
GAAGGCTACG TCCAGGAGCG CACCATCTTC 
GCCGAGGTGA AGTTCGAGGG CGACACCCTG 
TTCAAGGAGG ACGGCAACAT CCTGGGGCAC 
GTCTATATCA TGGCCGACAA GCAGAAGAAC 
AACATCGAGG ACGGCAGCGT GCAGCTCGCC 
GACGGCCCCG TGCTGCTGCC CGACAACCAC 
GACCCCAACG AGAAGCGCGA TCACATGGTC 
ACTCTCGGCA TGGACGAGCT GTACAAGTAA 



AGGAAACGGA TGATAACTGG TCCGCAGTGG 
GATTCATTTA TTAATTATTA TGATTCAGAA 
CATGGTAACG CGGCCTCTTC TTATTTATGG 
GCGCGGTGTA TTATACCAGA CCTTATTGGT 
TCTTATAGGT TACTTGATCA TTACAAATAT 
CCAAAGAAGA TCATTTTTGT CGGCCATGAT 
TATGAGCATC AAGATAAGAT CAAAGCAATA 
GAATCATGGG ATGAATGGCC TGATATTGAA 
GGAGAAAAAA TGGTTTTGGA GAATAACTTC 
ATGAGAAAGT TAGAACCAGA AGAATTTGCA 
GAAGTTCGTC GTCCAACATT ATCATGGCCT 
CCTGACGTTG TACAAATTGT TAGGAATTAT 
CCAAAAATGT TTATTGAATC GGACCCAGGA 
AAGAAGTTTC CTAATACTGA ATTTGTCAAA 
GCACCTGATG AAATGGGAAA AT AT AT C AAA 
CAACGGGCCC GGGATCCGGC CGACGAGGTG 
ATGGTGAGCA AGGGCGAGGA GCTGTTCACC 
GGCGACGTAA ACGGCCACAA GTTCAGCGTG 
GGCAAGCTGA CCCTGAAGTT CATCTGCACC 
CTCGTGACCA CCTTCGGCTA CGGCCTGCAG 
CAGCACGACT TCTTCAAGTC CGCCATGCCC 
TTCAAGGACG ACGGCAACTA CAAGACCCGC 
GTGAACCGCA TCGAGCTGAA GGGCATCGAC 
AAGCTGGAGT ACAACTACAA CAGCCACAAC 
GGCATCAAGG TGAACTTCAA GATCCGCCAC 
GACCACTACC AGCAGAACAC CCCCATCGGC 
•TACCTGAGCT ACCAGTCCGC CCTGAGCAAA 
CTGCTGGAGT TCGTGACCGC CGCCGGGATC 
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FIGURE 11 



ATGGTGAGCA AGGGCGAGGA GCTGTTCACC 
GGCGACGTAA ACGGCCACAA GTTCAGCGTG 
GGCAAGCTGA CCCTGAAGTT CATCTGCACC 
CTCGTGACCA CCCTGAGCTA CGGCGTGCAG 
CAGCACGACT TCTTCAAGTC CGCCATGCCC 
TTCAAGGACG ACGGCAACTA CAAGACCCGC 
GTGAACCGCA TCGAGCTGAA GGGCATCGAC 
AAGCTGGAGT ACAACTACAA CAGCCACAAC 
GGCATCAAGG TGAACTTCAA GATCCGCCAC 
GACCACTACC AGCAGAACAC CCCCATCGGC 
" TACCTGAGCA CCCAGTCCGC CCTGAGCAAA 
CTGCTGGAGT TCGTGACCGC CGCCGGGATC 
GGATCAAGCT TGCGGTACCG CGGGCCCTCT 
CCCGAGCAGA GGAAGAGGAT GATCACCGGC 
AACGTGCTGG ACAGCTTCAT CAACTACTAC 
ATCTTCCTGC ACGGCAACGC CGCTAGCAGC 
GAGCCCGTGG CCAGGTGCAT CATCCCCGAT 
GGCAACGGCA GCTACAGGCT GCTGGACCAC 
CTGAACCTGC CCAAGAAGAT CATCTTCGTG 
CACTACAGCT ACGAGCACCA GGACAAGATC 
GACGTGATCG AGAGCTGGGA CGAGTGGCCA 
AGCGAGGAGG GCGAGAAGAT GGTGCTGGAG 
AGCAAGATCA TGAGAAAGCT GGAGCCCGAG 
GAGAAGGGCG AGGTGAGAAG ACCCACCCTG 
GGCGGCAAGC CCGACGTGGT GCAGATCGTG 
GACGACCTGC CCAAGATGTT CATCGAGAGC 
GAGGGCGCCA AGAAGTTCCC CAACACCGAG 
CAGGAGGACG CCCCCGACGA GATGGGCAAG 
AAGAACGAGC AGTAA 



GGGGTGGTGC CCATCCTGGT CGAGCTGGAC 
TCCGGCGAGG GCGAGGGCGA TGCCACCTAC 
ACCGGCAAGC TGCCCGTGCC CTGGCCCACC 
TGCTTCAGCC GCTACCCCGA CCACATGAAG 
GAAGGCTACG TCCAGGAGCG CACCATCTTC 
GCCGAGGTGA AGTTCGAGGG CGACACCCTG 
TTCAAGGAGG ACGGCAACAT CCTGGGGCAC 
GTCTATATCA TGGCCGACAA GCAGAAGAAC 
AACATCGAGG ACGGCAGCGT GCAGCTCGCC 
GACGGCCCCG TGCTGCTGCC CGACAACCAC 
GACCCCAACG AGAAGCGCGA TCACATGGTC 
ACTCTCGGCA TGGACGAGCT GTACAAGTCC 
AGAGCCACCA TGACCAGCAA GGTGTACGAC 
CCCCAGTGGT GGGCCAGGTG CAAGCAGATG 
GACAGCGAGA AGCACGCCGA GAACGCCGTG 
TACCTGTGGA GGCACGTGGT GCCCCACATC 
CTGATCGGCA TGGGCAAGAG CGGCAAGAGC 
TACAAGTACC TGACCGCCTG GTTCGAGCTC 
GGCCACGACT GGGGCGCCTG CCTGGCCTTC 
AAGGCCATCG TGCACGCCGA GAGCGTGGTG 
GACATCGAGG AGGACATCGC CCTGATCAAG 
AACAACTTCT TCGTGGAGAC CATGCTGCCC 
GAGTTCGCCG CCTACCTGGA GCCCTTCAAG 
AGCTGGCCCA GAGAGATCCC CCTGGTGAAG 
AGAAACTACA ACGCCTACCT GAGAGCCAGC 
GACCCCGGCT TCTTCAGCAA CGCCATCGTG 
TTCGTGAAGG TGAAGGGCCT GCACTTCAGC 
TACATCAAGA GCTTCGTGGA GAGAGTGCTG 
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FIGURE 12 



ATGGTGAGCA AGGGCGAGGA GCTGTTCACC 
GGCGACGTAA ACGGCCACAA GTTCAGCGTG 
GGCAAGCTGA CCCTGAAGTT CATCTGCACC 
CTCGTGACCA CCCTGAGCTA CGGCGTGCAG 
CAGCACGACT TCTTCAAGTC CGCCATGCCC 
TTCAAGGACG ACGGCAACTA CAAGACCCGC 
GTGAACCGCA TCGAGCTGAA GGGCATCGAC 
AAGCTGGAGT ACAACTACAA CAGCCACAAC 
GGCATCAAGG TGAACTTCAA GATCCGCCAC 
GACCACTACC AGCAGAACAC CCCCATCGGC 
TACCTGAGCA CCCAGTCCGC CCTGAGCAAA 
CTGCTGGAGT TCGTGACCGC CGCCGGGATC 
GGATCAAGCT TGGGCGACGA GGTGGACGGC 
GTGTACGACC CCGAGCAGAG GAAGAGGATG 
AAGCAGATGA ACGTGCTGGA CAGCTTCATC 
AACGCCGTGA TCTTCCTGCA CGGCAACGCC 
CCCCACATCG AGCCCGTGGC CAGGTGCATC 
GGCAAGAGCG GCAACGGCAG CTACAGGCTG 
TTCGAGCTCC TGAACCTGCC CAAGAAGATC 
CTGGCCTTCC ACTACAGCTA CGAGCACCAG 
AGCGTGGTGG ACGTGATCGA GAGCTGGGAC 
CTGATCAAGA GCGAGGAGGG CGAGAAGATG 
ATGCTGCCCA GCAAGATCAT GAGAAAGCTG 
CCCTTCAAGG AGAAGGGCGA GGTGAGAAGA 
CTGGTGAAGG GCGGCAAGCC CGACGTGGTG 
AGAGCCAGCG ACGACCTGCC CAAGATGTTC 
GCCATCGTGG AGGGCGCCAA GAAGTTCCCC 
CACTTCAGCC AGGAGGACGC CCCCGACGAG 
AGAGTGCTGA AGAACGAGCA GTAA 



GGGGTGGTGC CCATCCTGGT CGAGCTGGAC 
TCCGGCGAGG GCGAGGGCGA TGCCACCTAC 
ACCGGCAAGC TGCCCGTGCC CTGGCCCACC 
TGCTTCAGCC GCTACCCCGA CCACATGAAG 
GAAGGCTACG TCCAGGAGCG CACCATCTTC 
GCCGAGGTGA AGTTCGAGGG CGACACCCTG 
TTCAAGGAGG ACGGCAACAT CCTGGGGCAC 
GTCTATATCA TGGCCGACAA GCAGAAGAAC 
AACATCGAGG ACGGCAGCGT GCAGCTCGCC 
GACGGCCCCG TGCTGCTGCC CGACAACCAC 
GACCCCAACG AGAAGCGCGA TCACATGGTC 
ACTCTCGGCA TGGACGAGCT GTACAAGTCC 
GGGCCCTCTA GAGCCACCAT GACCAGCAAG 
ATCACCGGCC CCCAGTGGTG GGCCAGGTGC 
AACTACTACG ACAGCGAGAA GCACGCCGAG 
GCTAGCAGCT ACCTGTGGAG GCACGTGGTG 
ATCCCCGATC TGATCGGCAT GGGCAAGAGC 
CTGGACCACT ACAAGTACCT GACCGCCTGG 
ATCTTCGTGG GCCACGACTG GGGCGCCTGC 
GACAAGATCA AGGCCATCGT GCACGCCGAG 
GAGTGGCCAG ACATCGAGGA GGACATCGCC 
GTGCTGGAGA ACAACTTCTT CGTGGAGACC 
GAGCCCGAGG AGTTCGCCGC CTACCTGGAG 
CCCACCCTGA GCTGGCCCAG AGAGATCCCC 
CAGATCGTGA GAAACTACAA CGCCTACCTG 
ATCGAGAGCG ACCCCGGCTT CTTCAGCAAC 
AACACCGAGT TCGTGAAGGT GAAGGGCCTG 
ATGGGCAAGT ACATCAAGAG CTTCGTGGAG 
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FIGURE 15 

GACGGATCGG GAGATCTCCC GATCCCCTAT GGTCGACTCT CAGTACAATC TGCTCTGATG 
CCGCATAGTT AAGCCAGTAT CTGCTCCCTG CTTGTGTGTT GGAGGTCGCT GAGTAGTGCG 
CGAGCAAAAT TTAAGCTACA ACAAGGCAAG GCTTGACCGA CAATTGCATG AAGAATCTGC 
TTAGGGTTAG GCGTTTTGCG CTGCTTCGCG ATGTACGGGC CAGATATACG CGTTGACATT 
GATTATTGAC TAGTTATTAA TAGTAATCAA TTACGGGGTC ATTAGTTCAT- AGCCCATATA 
TGGAGTTCCG CGTTACATAA CTTACGGTAA ATGGCCCGCC TGGCTGACCG CCCAACGACC 
CCCGCCCATT GACGTCAATA ATGACGTATG TTCCCATAGT AACGCCAATA GGGACTTTCC 
ATTGACGTCA ATGGGTGGAC TATTTACGGT AAACTGCCCA CTTGGCAGTA CATCAAGTGT 
ATCATATGCC AAGTACGCCC CCTATTGACG TCAATGACGG TAAATGGCCC GCCTGGCATT 
ATGCCCAGTA CATGACCTTA TGGGACTTTC CTACTTGGCA GTACATCTAC GTATTAGTCA 
TCGCTATTAC CATGGTGATG CGGTTTTGGG AGTACATCAA TGGGCGTGGA TAGCGGTTTiG 
ACTCACGGGG ATTTCCAAGT CTCCACCCCA TTGACGTCAA TGGGAGTTTG TTTTGGCACC 
AAAATCAACG GGACTTTCCA AAATGTCGTA ACAACTCCGC CCCATTGACG CAAATGGGCG 
GTAGGCGTGT ACGGTGGGAG GTCTATATAA GCAGAGCTCT CTGGCTAACT AGAGAACCCA 
CTGCTTACTG GCTTATCGAA ATTAATACGA CTCACTATAG GGAGACCCAA GCTGGCTAGC 
CACCATGACT TCGAAAGTTT ATGATCCAGA ACAAAGGAAA CGGATGATAA CTGGTCCGCA 
GTGGTGGGCC AGATGTAAAC AAATGAATGT TCTTGATTCA TTTATTAATT ATTATGATTC 
AGAAAAACAT GCAGAAAATG CTGTTATTTT TTTACATGGT, AACGCGGCCT CTTCTTATTT 
ATGGCGACAT GTTGTGCCAC AT ATT GAG CC AGTAGCGCGG TGTATTATAC CAGACCTTAT 
TGGTATGGGC AAATCAGGCA AATCTGGTAA TGGTTCTTAT AGGTTACTTG ATCATTACAA 
ATATCTTACT GCATGGTTTG AACTTCTTAA TTTACCAAAG AAGATCATTT TTGTCGGCCA - 
TGATTGGGGT GCTTGTTTGG CATTTCATTA TAGCTATGAG CATCAAGATA AGATCAAAGC 
AATAGTTCAC GCfGAAAGTG TAGTAGATGT GATTGAATCA TGGGATGAAT GGCCTGATAT 
TGAAGAAGAT ATTGCGTTGA TCAAATCTGA AGAAGGAGAA AAAATGGTTT TGGAGAATAA 
CTTCTTCGTG GAAACCATGT TGCCATCAAA AATCATGAGA AAGTTAGAAC CAGAAGAATT 
TGCAGCATAT CTTGAACCAT TCAAAGAGAA AGGTGAAGTT CGTCGTCCAA CATTATCATG 
GCCTCGTGAA ATCCCGTTAG TAAAAGGTGG TAAACCTGAC GTTGTACAAA TTGTTAGGAA 
TTATAATGCT TATCTACGTG CAAGTGATGA TTTACCAAAA ATGTTTATTG AATCGGACCC 
AGGATTCTTT TCCAATGCTA TTGTTGAAGG TGCCAAGAAG TTTCCTAATA CTGAATTTGT 
CAAAGTAAAA GGTCTTCATT TTTCGCAAGA AGATGCACCT GATGAAATGG GAAAATATAT 
CAAATCGTTC GTTGAGCGAG TTCTCAAAAA TGAACAACGG GCCCGGGATC CGCTGAGGAG 
GGCCAGCCTG GGCGCGGTAC CGGTCGCCAC CATGGTGAGC AAGGGCGAGG AGCTGTTCAC 
CGGGGTGGTG CCCATCCTGG TCGAGCTGGA CGGCGACGTA AACGGCCACA AGTTCAGCGT 
GTCCGGCGAG GGCGAGGGCG ATGCCACCTA CGGCAAGCTG ACCCTGAAGT TCATCTGCAC 
CACCGGCAAG CTGCCCGTGC CCTGGCCCAC CCTCGTGACC ACGTTCGGCT ACGGCCTGCA 
GTGCTTCGCC CGCTACCCCG ACCACATGAA GCAGCACGAC TTCTTCAAGT CCGCCATGCC 
CGAAGGCTAC GTCCAGGAGC GCACCATCTT CTTCAAGGAC GACGGCAACT ACAAGACCCG 
CGCCGAGGTG AAGTTCGAGG GCGACACCCT GGTGAACCGC ATCGAGCTGA AGGGCATCGA 
CTTCAAGGAG GACGGCAACA TCCTGGGGCA caagctggag tacaactaca acagccacaa 
CGTCTATATC ATGGCCGACA AGCAGAAGAA CGGCATCAAG GTGAACTTCA AGATCCGCCA 
CAACATCGAG GACGGCAGCG TGCAGCTCGC cgaccactac cagcagaaca CCCCCATCGG 
CGACGGCCCC GTGCTGCTGC CCGACAACCA CTACCTGAGC TACCAGTCCG CCCTGAGCAA 
AGACCCCAAC GAGAAGCGCG ATCACATGGT CCTGCTGGAG TTCGTGACCG CCGCCGGGAT 
CACTCTCGGC ATGGACGAGC TGTACAAGTA AAGCGGCCGC TCGAGTCTAG AGGGCCCGTT 
TAAACCCGCT GATCAGCCTC GACTGTGCCT TCTAGTTGCC AGCCATCTGT TGTTTGCCCC 
TCCCCCGTGC CTTCCTTGAC CCTGGAAGGT GCCACTCCCA CTGTCCTTTC CTAATAAAAT 
GAGGAAATTG CATCGCATTG TCTGAGTAGG TGTCATTCTA TTCTGGGGGG TGGGGTGGGG 
CAGGACAGCA AGGGGGAGGA TTGGGAAGAC AATAGCAGGC ATGCTGGGGA TGCGGTGGGC 
TCTATGGCTT CTGAGGCGGA AAGAACCAGC TGGGGCTCTA GGGGGTATCC CCACGCGCCC 
TGTAGCGGCG CATTAAGCGC GGCGGGTGTG GTGGTTACGC GCAGCGTGAC CGCTACACTT 
GCCAGCGCCC TAGCGCCCGC TCCTTTCGCT TTCTTCCCTT CCTTTCTCGC CACGTTCGCC 
GGCTTTCCCC GTCAAGCTCT AAATCGGGGC ATCCCTTTAG GGTTCCGATT TAGTGCTTTA 
CGGCACCTCG ACCCCAAAAA ACTTGATTAG GGTGATGGTT CACGTAGTGG GCCATCGCCC 
TGATAGACGG TTTTTCGCCC TTTGACGTTG GAGTCCACGT TCTTTAATAG TGGACTCTTG 
TTCCAAACTG GAACAACACT CAACCCTATC TCGGTCTATT CTTTTGATTT ATAAGGGATT 
TTGGGGATTT CGGCCTATTG GTTAAAAAAT GAGCTGATTT AACAAAAATT TAACGCGAAT 
TAATTCTGTG GAATGTGTGT CAGTTAGGGT GTGGAAAGTC CCCAGGCTCC CCAGGCAGGC 
AGAAGTATGC AAAGCATGCA TCTCAATTAG TCAGCAACCA GGTGTGGAAA GTCCCCAGGC 
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FIGURE 15 continued 

TCCCCAGCAG GCAGAAGTAT GCAAAGCATG CATCTCAATT AGTCAGCAAC CATAGTCCCG 
CCCCTAACTC CGCCCATCCC GCCCCTAACT CCGCCCAGTT CCGCCCATTC TCCGCCCCAT 
GGCTGACTAA TTTTTTTTAT TTATGCAGAG GCCGAGGCCG CCTCTGCCTC TGAGCTATTC 
CAGAAGTAGT GAGGAGGCTT TTTTGGAGGC CTAGGCTTTT GCAAAAAGCT CCCGGGAGCT 
TGTATATCCA TTTTCGGATC TGATCAGCAC GTGTTGACAA TTAATCATCG GC AT AG TATA 
TCGGCATAGT ATAATACGAC AAGGTGAGGA ACTAAACCAT GGCCAAGTTG ACCAGTGCCG 
TTCCGGTGCT CACCGCGCGC GACGTCGCCG GAGCGGTCGA GTTCTGGACC GACCGGCTCG 
GGTTCTCCCG GGACTTCGTG GAGGACGACT TCGCCGGTGT GGTCCGGGAC GACGTGACCC 
TGTTCATCAG CGCGGTCCAG GACCAGGTGG TGCCGGACAA CACCCTGGCC TGGGTGTGGG 
TGCGCGGCCT GGACGAGCTG TACGCCGAGT GGTCGGAGGT CGTGTCCACG AACTTCCGGG 
ACGCCTCCGG GCCGGCCATG ACCGAGATCG GCGAGCAGCC GTGGGGGCGG GAGTTCGCCC 
TGCGCGACCC GGCCGGCAAC TGCGTGCACT TCGTGGCCGA GGAGCAGGAC TGACACGTGC 
TACGAGATTT CGATTCCACC GCCGCCTTCT ATGAAAGGTT GGGCTTCGG& ATCGTTTTCC 
GGGACGCCGG CTGGATGATC CTCCAGCGCG GGGATCTCAT GCTGGAGTTC TTCGCCCACC 
CCAACTTGTT TATTGCAGCT TATAATGGTT ACAAATAAAG CAATAGCATC ACAAATTTCA 
CAAATAAAGC ATTTTTTTCA CTGCATTCTA GTTGTGGTTT GTCCAAACTC ATCAATGTAT 
CTTATCATGT CTGTATACCG TCGACCTCTA GCTAGAGCTT GGCGTAATCA TGGTCATAGC 
TGTTTCCTGT GTGAAATTGT TATCCGCTCA ' CAATTCCACA CAACATACGA GCCGGAAGCA 
TAAAGTGTAA AGCCTGGGGT GCCTAATGAG TGAGCTAACT CACATTAATT GCGTTGCGCT 
CACTGCCCGC TTTCCAGTCG GGAAACCTGT CGTGCCAGCT GCATTAATGA ATCGGCCAAC 
GCGCGGGGAG AGGCGGTTTG CGTATTGGGC GCTCTTCCGC TTCCTCGCTC ACTGACTCGC 
TGCGCTCGGT CGTTCGGCTG CGGCGAGCGG TATCAGCTCA CTCAAAGGCG GTAATACGGT 
TATCCACAGA ATCAGGGGAT AACGCAGGAA AGAACATGTG AGCAAAAGGC CAGCAAAAGG 
CCAGGAACCG TAAAAAGGCC GCGTTGCTGG CGTTTTTCCA TAGGCTCCGC CCCCCTGACG 
AGCATCACAA AAATCGACGC TCAAGTCAGA GGTGGCGAAA CCCGACAGGA CTATAAAGAT 
ACCAGGCGTT TCCCCCTGGA AGCTCCCTCG TGCGCTCTCC TGTTCCGACC CTGCCGCTTA 
CCGGATACCT GTCCGCCTTT .CTCCCTTCGG GAAGCGTGGC GCTTTCTCAA TGCTCACGCT 
GTAGGTATCT CAGTTCGGTG TAGGTCGTTC GCTCCAAGCT GGGCTGTGTG CACGAACCCC 
' CCGTTCAGCC CGACCGCTGC GCCTTATCCG GTAACTATCG TCTTGAGTCC AACCCGGTAA 
GACACGACTT ATCGCCACTG GCAGCAGCCA CTGGTAACAG GATTAGCAGA GCGAGGTATG 
TAGGCGGTGC TACAGAGTTC TTGAAGTGGT GGCCTAACTA CGGCTACACT AGAAGGACAG 
TATTTGGTAT CTGCGCTCTG CTGAAGCCAG TTACCTTCGG AAAAAGAGTT GGTAGCTCTT 
GATCCGGCAA ACAAACCACC GCTGGTAGCG GTGGTTTTTT TGTTTGCAAG CAGCAGATTA 
CGCGCAGAAA AAAAGGATCT CAAGAAGATC CTTTGATCTT TTCTACGGGG TCTGACGCTC 
AGTGGAACGA AAACTCACGT TAAGGGATTT TGGTCATGAG ATTATCAAAA AGGATCTTCA 
CCTAGATCCT TTTAAATTAA AMTGAAGTT TTAAATCAAT CTAAAGTATA TATGAGTAAA 
CTTGGTCTGA CAGTTACCAA TGCTTAATCA GTGAGGCACC TATCTCAGCG ATCTGTCTAT 
TTCGTTCATC CATAGTTGCC TGACTCCCCG TCGTGTAGAT AACTACGATA CGGGAGGGCT 
TACCATCTGG CCCCAGTGCT GCAATGATAC CGCGAGACCC ACGCTCACCG GCTCCAGATT 
TATCAGCAAT AAACCAGCCA GCCGGAAGGG CCGAGCGCAG AAGTGGTCCT GCAACTTTAT 
CCGCCTCCAT CCAGTCTATT AATTGTTGCC GGGAAGCTAG AGTAAGTAGT TCGCCAGTTA 
ATAGTTTGCG CAACGTTGTT GCCATTGCTA CAGGCATCGT GGTGTCACGC TCGTCGTTTG 
GTATGGCTTC ATTCAGCTCC GGTTCCCAAC GATCAAGGCG AGTTACATGA TCCCCCATGT 
TGTGCAAAAA AGCGGTTAGC TCCTTCGGTC CTCCGATCGT TGTCAGAAGT AAGTTGGCCG 
CAGTGTTATC ACTCATGGTT ATGGCAGCAC TGCATAATTC TCTTACTGTC ATGCCATCCG 
TAAGATGCTT TTCTGTGACT GGT GAG TACT CAACCAAGTC ATTCTGAGAA TAGTGTATGC 
GGCGACCGAG TTGCTCTTGC CCGGCGTCAA TACGGGATAA TACCGCGCCA CATAGCAGAA 
CTTTAAAAGT GCT CATC ATT GGAAAACGTT CTTCGGGGCG AAAACTCTCA AGGATCTTAC 
CGCTGTTGAG ATCCAGTTCG ATGTAACCCA CTCGTGCACC CAACTGATCT TCAGCATCTT 
TTACTTTCAC CAGCGTTTCT GGGTGAGCAA AAACAGGAAG GCAAAATGCC GCAAAAAAGG 
GAATAAG GGC GACACGGAAA TGTTGA&TAC TCATACTCTT CCTTTTTCAA TATTATTGAA 
GCATTTATCA GGGTTATTGT CTCATGAGCG GATACATATT TGAATGTATT TAGAAAAATA 
AACAAATAGG GGTTCCGCGC ACATTTCCCC GAAAAGTGCC ACCTGACGTC 
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FIGURE 16 
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FIGURE 17 



5' Ncol-GCCACC ATG GGC CTG AGG AGG GCC AGC CTG GGC-Ncol 3' 
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FIGURE 18 



ATGGGCCTGA GGAGGGCCAG CCTGGGCCCA 
GGGTGGTGCC CATCCTGGTC GAGCTGGACG 
CCGGCGAGGG CGAGGGCGAT GCCACCTACG 
CCGGCAAGCT GCCCGTGCCC TGGCCCACCC 
GCTTCAGCCG CTACCCCGAC CACATGAAGC 
AAGGCTACGT CCAGGAGCGC ACCATCTTCT 
CCGAGGTGAA GTTCGAGGGC GACACCCTGG 
TCAAGGAGGA CGGCAACATC CTGGGGCACA 
TCTATATCAT GGCCGACAAG CAGAAGAACG 
ACATCGAGGA CGGCAGCGTG CAGCTCGCCG 
ACGGCCCCGT GCTGCTGCCC GACAACCACT 
ACCCCAACGA GAAGCGCGAT CACATGGTCC 
CTCTCGGCAT GGACGAGCTG TACAAGTCCG 
GAGCCACCAT GACTTCGAAA GTTTATGATC 
CGCAGTGGTG GGCCAGATGT AAACAAATGA 
ATTCAGAAAA ACATGCAGAA AATGCTGTTA 
ATTTATGGCG ACATGTTGTG CCACATATTG 
TTATTGGTAT GGGCAAATCA GGCAAATCTG 
ACAAATATCT TACTGCATGG TTTGAACTTC 
GCCATGATTG GGGTGCTTGT TTGGCATTTC 
AAGCAATAGT TCACGCTGAA AGTGTAGTAG 
ATATTGAAGA AGATATTGCG TTGATCAAAT 
ATAACTTCTT CGTGGAAACC ATGTTGCCAT 
AATTTGCAGC ATATCTTGAA CCATTCAAAG 
CATGGCCTCG TGAAATCCCG TTAGTAAAAG 
GGAATTATAA TGCTTATCTA CGTGCAAGTG 
ACCCAGGATT CTTTTCCAAT GCTATTGTTG 
TTGTCAAAGT AAAAGGTCTT CATTTTTCGC 
ATATCAAATC GTTCGTTGAG CGAGTTCTCA 



TGGTGAGCAA GGGCGAGGAG CTGTTCACCG 
GCGACGTAAA CGGCCACAAG TTCAGCGTGT 
GCAAGCTGAC CCTGAAGTTC ATCTGCACCA 
TCGTGACCAC CCTGAGCTAC GGCGTGCAGT 
AGCACGACTT CTTCAAGTCC GCCATGCCCG 
TCAAGGACGA CGGCAACTAC AAGACCCGCG 
TGAACCGCAT CGAGCTGAAG GGCATCGACT 
AGCTGGAGTA CAACTACAAC AGCCACAACG 
GCATCAAGGT GAACTTCAAG ATCCGCCACA 
ACCACTACCA GCAGAACACC CCCATCGGCG 
ACCTGAGCAC CCAGTCCGCC CTGAGCAAAG 
TGCTGGAGTT CGTGACCGCC GCCGGGATCA 
GATCCAGCTT GCGGTACCGC GGGCCCTCTA 
CAGAACAAAG GAAACGGATG ATAACTGGTC 
ATGTTCTTGA TTCATTTATT AATTATTATG 
TTTTTTTACA TGGTAACGCG GCCTCTTCTT 
AGCCAGTAGC GCGGTGTATT ATACCAGACC 
GTAATGGTTC TTATAGGTTA CTTGATCATT 
TTAATTTACC AAAGAAGATC ATTTTTGTCG 
ATTATAGCTA TGAGCATCAA GATAAGATCA 
ATGTGATTGA ATCATGGGAT GAATGGCCTG 
CTGAAGAAGG AGAAAAAATG GTTTTGGAGA 
CAAAAATCAT GAGAAAGTTA GAACCAGAAG 
AGAAAGGTGA AGTTCGTCGT CCAACATTAT 
GTGGTAAACC TGACGTTGTA CAAATTGTTA 
ATGATTTACC AAAAATGTTT ATTGAATCGG 
AAGGTGCCAA GAAGTTTCCT AATACTGAAT 
AAGAAGATGC ACCTGATGAA ATGGGAAAAT 
AAAATGAACA A 
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FIGURE 19 



ATGGTGAGCA AGGGCGAGGA GCTGTTCACC 
GGCGACGTAA ACGGCCACAA GTTCAGCGTG 
GGCAAGCTGA CCCTGAAGTT CATCTGCACC 
CTCGTGACCA CCCTGAGCTA CGGCGTGCAG 
CAGCACGACT TCTTCAAGTC CGCCATGCCC 
TTCAAGGACG ACGGCAACTA CAAGACCCGC 
GTGAACCGCA TCGAGCTGAA GGGCATCGAC 
AAGCTGGAGT ACAACTACAA CAGCCACAAC 
GGCATCAAGG TGAACTTCAA GATCCGCCAC 
GACCACTACC AGCAGAACAC CCCCATCGGC 
TACCTGAGCA CCCAGTCCGC CCTGAGCAAA 
CTGCTGGAGT TCGTGACCGC CGCCGGGATC 
GGATCCAGCT TGCGGTACCG CGGGCCCTCT 
CCAGAACAAA GGAAACGGAT GATAACTGGT 
AATGTTCTTG ATTCATTTAT TAATTATTAT 
ATTTTTTTAC ATGGTAACGC GGCCTCTTCT 
GAGCCAGTAG CGCGGTGTAT TATACCAGAC 
GGTAATGGTT CTTATAGGTT ACTTGATCAT 
CTTAATTTAC CAAAGAAGAT CATTTTTGTC 
CATTATAGCT ATGAGCATCA AGATAAGATC 
GATGTGATTG AATCATGGGA TGAATGGCCT 
TCTGAAGAAG GAGAAAAAA.T GGTTTTGGAG 
TCAAAAATCA TGAGAAAGTT AGAACCAGAA 
GAGAAAGGTG AAGTTCGTCG TCCAACATTA 
GGTGGTAAAC CTGACGTTGT ACAAATTGTT 
GATGATTTAC CAAAAATGTT TATTGAATCG 
GAAGGTGCCA AGAAGTTTCC TAATACTGAA 
CAAGAAGATG CACCTGATGA AATGGGAAAA 
AAAAATGAAC AAAGATCTCT GAGGAGGGCC 



GGGGTGGTGC CCATCCTGGT CGAGCTGGAC 
TCCGGCGAGG GCGAGGGCGA TGCCACCTAC 
ACCGGCAAGC TGCCCGTGCC CTGGCCCACC 
TGCTTCAGCC GCTACCCCGA CCACATGAAG 
GAAGGCTACG TCCAGGAGCG CACCATCTTC 
GCCGAGGTGA AGTTCGAGGG CGACACCCTG 
TTCAAGGAGG ACGGCAACAT CCTGGGGCAC 
GTCTATATCA TGGCCGACAA GCAGAAGAAC 
AACATCGAGG ACGGCAGCGT GCAGCTCGCC 
GACGGCCCCG TGCTGGTGCC CGACAACCAC 
GACCCCAACG AGAAGCGCGA TCACATGGTC 
ACTCTCGGCA TGGACGAGCT GTACAAGTCC 
AGAGCCACCA TGACTTCGAA AGTTTATGAT 
CCGCAGTGGT GGGCCAGATG TAAACAAATG 
GAT TC AG AAA AACATGCAGA AAATGCTGTT 
TATTTATGGC GACATGTTGT GCCACATATT 
CTTATTGGTA TGGGCAAATC AGGCAAATCT 
TACAAATATC TTACTGCATG GTTTGAACTT 
GGCCATGATT GGGGTGCTTG TTTGGCATTT 
AAAGGAATAG TTCACGCTGA AAGTGTAGTA 
GATATTGAAG AAGATATTGC GTTGATCAAA 
AATAACTTCT TCGTGGAAAC CATGTTGCCA 
GAATTTGCAG CATATCTTGA AC CAT TC AAA 
TCATGGCCTC GTGAAATCCC GTTAGTAAAA 
AGGAATTATA ATGCTTATCT ACGTGCAAGT 
GACCCAGGAT TCTTTTCCAA TGCTATTGTT 
TTTGTCAAAG TAAAAGGTCT TCATTTTTCG 
TATATCAAAT CGTTCGTTGA GCGAGTTCTC 
AGCCTGGGC 
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SEQUENCE LISTING 

<110> BioSignal Packard Inc. 
Joly, Erik 

<120> A Bioluminescent Resonance Energy 

Transfer (BRET) Fusion Molecule and Method of Use 



<130> 120-169PCT 

<140> unassigned 
<141> 2000-12-22 

<150> 2,292,036 
<151> 1999-12-22 

<I60> 26 

<170> FastSEQ for Windows Version 4.0 

<210> 1 
<211> 1686 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for Rluc-EYFP construct 



<400> 1 

atgacttcga 

tgggccagat 

aaacatgcag 

cgacatgttg 

atgggcaaat 

cttactgcat 

tggggtgctt 

gttcacgctg 

gaagatattg 

ttcgtggaaa 

gcatatcttg 

cgtgaaatcc 

aatgcttatc 

ttcttttcca 

gtaaaaggtc 

tcgttcgttg 

gccaccatgg 

ctggacggcg 

acctacggca 

cccaccctcg 

atgaagcagc 

atcttcttca 

accctggtga 

gggcacaagc 

aagaacggca 



aagtttatga 
gtaaacaaat 
aaaatgctgt 
tgccacatat 
caggcaaatc 
ggtttgaact 
gtttggcatt 
aaagtgtagt 
cgttgatcaa 
ccatgttgcc 
aaccattcaa 
cgttagtaaa 
tacgtgcaag 
atgctattgt 
ttcatttttc 
agcgagttct 
tgagcaaggg 
acgtaaacgg 
agctgaccct 
tgaccacctt 
acgacttctt 
aggacgacgg 
accgcatcga 
tggagtacaa 
tcaaggtgaa 



tccagaacaa 
gaatgttctt 
tattttttta 
tgagccagta 
tggtaatggt 
tcttaattta 
tcattatagc 
agatgtgatt 
atctgaagaa 
atcaaaaatc 
agagaaaggt 
aggtggtaaa 
tgatgattta 
tgaaggtgcc 
gcaagaagat 
caaaaatgaa 
cgaggagctg 
ccacaagttc 
gaagttcatc 
cggctacggc 
caagtccgcc 
caactacaag 
gctgaagggc 
ctacaacagc 
cttcaagatc 



aggaaacgga 
gattcattta 
catggtaacg 
gcgcggtgta 
tcttataggt 
ccaaagaaga 
tatgagcatc 
gaatcatggg 
ggagaaaaaa 
atgagaaagt 
gaagttcgtc 
cctgacgttg 
ccaaaaatgt 
aagaagtttc 
gcacctgatg 
caacgggccc 
ttcaccgggg 
agcgtgtccg 
tgcaccaccg 
ctgcagtgct 
atgcccgaag 
acccgcgccg 
atcgacttca 
cacaacgtct 
cgccacaaca 



tgataactgg 
ttaattatta 
cggcctcttc 
ttataccaga 
tacttgatca 
tcatttttgt 
aagataagat 
atgaatggcc 
tggttttgga 
tagaaccaga 
gtccaacatt 
tacaaattgt 
ttattgaatc 
ctaatactga 
aaatgggaaa 
gggatccccg 
tggtgcccat 
gcgagggcga 
gcaagctgcc 
tcgcccgcta 
gctacgtcca 
aggtgaagtt 
aggaggacgg 
atatcatggc 
tcgaggacgg 



tccgcagtgg 
tgattcagaa 
ttatttatgg 
ccttattggt 
ttacaaatat 
cggccatgat 
caaagcaata 
tgatattgaa 
gaataacttc 
agaatttgca 
atcatggcct 
taggaattat 
ggacccagga 
atttgtcaaa 
atatatcaaa 
ggtaccggtc 
cctggtcgag 
gggcgatgcc 
cgtgccctgg 
ccccgaccac 
ggagcgcacc 
cgagggcgac 
caacatcctg 
cgacaagcag 
cagcgtgcag 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
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ctcgccgacc actaccagca gaacaccccc atcggcgacg gccccgtgct gctgcccgac 1560 

aaccactacc tgagctacca gtccgccctg agcaaagacc ccaacgagaa gcgcgatcac 1620 

atggtcctgc tggagttcgt gaccgccgcc gggatcactc tcggcatgga cgagctgtac 1680 

aagtaa 1686 



<210> 2 
<211> 1708 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for Rluc-enterokinase-EYFP construct 



<400> 2 

atgacttcga aagtttatga tccagaacaa aggaaacgga tgataactgg tccgcagtgg 60 

tgggccagat gtaaacaaat gaatgttctt gattcattta ttaattatta tgattcagaa 120 

aaacatgcag aaaatgctgt tattttttta catggtaacg cggcctcttc ttatttatgg 180 

cgacatgttg tgccacatat tgagccagta gcgcggtgta ttataccaga ccttattggt 240 

atgggcaaat caggcaaatc tggtaatggt tcttataggt tacttgatca ttacaaatat 300 

cttactgcat ggtttgaact tcttaattta ccaaagaaga tcatttttgt cggccatgat 360 

tggggtgctt gtttggcatt tcattatagc tatgagcatc aagataagat caaagcaata 420 

gttcacgctg aaagtgtagt agatgtgatt gaatcatggg atgaatggcc tgatattgaa 480 

gaagatattg cgttgatcaa atctgaagaa ggagaaaaaa tggttttgga gaataacttc 540 

ttcgtggaaa ccatgttgcc atcaaaaatc atgagaaagt tagaaccaga agaalttgca 600 

gcatatcttg aaccattcaa agagaaaggt gaagttcgtc gtccaacatt atcatggcct 660 

cgtgaaatcc cgttagtaaa aggtggtaaa cctgacgttg tacaaattgt taggaattat 720 

aatgcttatc tacgtgcaag tgatgattta ccaaaaatgt ttattgaatc ggacccagga 780 

ttcttttcca atgctattgt tgaaggtgcc aagaagtttc ctaatactga atttgtcaaa 840 

gtaaaaggtc ttcatttttc gcaagaagat gcacctgatg aaatgggaaa atatatcaaa 900 

tcgttcgttg agcgagttct caaaaatgaa caacgggccc gggatccggg cgacgatgac 960 

gataagttgg cggtaccggt cgccaccatg gtgagcaagg gcgaggagct gttcaccggg 1020 

gtggtgccca tcctggtcga gctggacggc gacgtaaacg gccacaagtt cagcgtgtcc 1080 

ggcgagggcg agggcgatgc cacctacggc aagctgaccc tgaagttcat ctgcaccacc 1140 

ggcaagctgc ccgtcccctg gcccaccctc gtgaccacct tcggctacgg cctgcagtgc 1200 

ttcgcccgct accccgacca catgaagcag cacgacttct tcaagtccgc catgcccgaa 1260 

ggctacgtcc aggagcgcac catcttcttc aaggacgacg gcaactacaa gacccgcgcc 1320 

gaggtgaagt tcgagggcga caccctggtg aaccgcatcg agctgaaggg catcgacttc 1380 

aaggaggacg gcaacatcct ggggcacaag ctggagtaca actacaacag ccacaacgtc 1440 

tatatcatgg ccgacaagca gaagaacggc atcaaggtga acttcaagat ccgccacaac 1500 

atcgaggacg gcagcgtgca gctcgccgac cactaccagc agaacacccc catcggcgac 1560 

ggccccgtgc tgctgcccga caaccactac ctgagctacc agtccgccct gagcaaagac 1620 

cccaacgaga agcgcgatca catggtcctg ctggagttcg tgaccgccgc cgggatcact 1680 

ctcggcatgg acgagctgta caagtaaa 1708 



<210> 3 
<211> 1710 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for Rluc-caspase-EYFP construct 



<400> 3 

atgacttcga aagtttatga tccagaacaa aggaaacgga tgataactgg tccgcagtgg 60 

tgggccagat gtaaacaaat gaatgttctt gattcattta ttaattatta tgattcagaa 120 

aaacatgcag aaaatgctgt tattttttta catggtaacg cggcctcttc ttatttatgg 180 
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cgacatgttg 
atgggcaaat 
cttactgcat 
tggggtgctt 
gttcacgctg 
gaagatattg 
ttcgtggaaa 
gcatatcttg 
cgtgaaatcc 
aatgcttatc 
ttcttttcca 
gtaaaaggtc 
tcgttcgttg 
gacggcgaat 
ggggtggtgc 
tccggcgagg 
accggcaagc 
tgcttcgccc 
gaaggctacg 
gccgaggtga 
ttcaaggagg 
gtctatatca 
aacatcgagg 
gacggccccg 
gaccccaacg 
actctcggca 



tgccacatat 
caggcaaatc 
ggtttgaact 
gtttggcatt 
aaagtgtagt 
cgttgatcaa 
ccatgttgcc 
aaccattcaa 
cgttagtaaa 
tacgtgcaag 
atgctattgt 
ttcatttttc 
agcgagttct 
ccgcggtacc 
ccatcctggt 
gcgagggcga 
tgcccgtgcc 
gctaccccga 
tccaggagcg 
agttcgaggg 
acggcaacat 
tggccgacaa 
acggcagcgt 
tgctgctgcc 
agaagcgcga 
tggacgagct 



tgagccagta 
tggtaatggt 
tcttaattta 
tcattatagc 
agatgtgatt 
atctgaagaa 
atcaaaaatc 
agagaaaggt 
aggtggtaaa 
tgatgattta 
tgaaggtgcc 
gcaagaagat 
caaaaatgaa 
ggtcgccacc 
cgagctggac 
tgccacctac 
ctggcccacc 
ccacatgaag 
caccatcttc 
cgacaccctg 
cctggggcac 
gcagaagaac 
gcagctcgcc 
cgacaaccac 
tcacatggtc 
gtacaagtaa 



gcgcggtgta 
tcttataggt 
ccaaagaaga 
tatgagcatc 
gaatcatggg 
ggagaaaaaa 
atgagaaagt 
gaagttcgtc 
cctgacgttg 
ccaaaaatgt 
aagaagtttc 
gcacctgatg 
caacgggccc 
atcgtgagca 
ggcgacgtaa 
ggcaagctga 
ctcgtgacca 
cagcacgact 
ttcaaggacg 
gtgaaccgca 
aagctggagt 
ggcatcaagg 
gaccactacc 
tacctgagct 
ctgctggagt 



ttataccaga 
tacttgatca 
tcatttttgt 
aagataagat 
atgaatggcc 
tggttttgga 
tagaaccaga 
gtccaacatt 
tacaaattgt 
ttattgaatc 
ctaatactga 
aaatgggaaa 
gggatccggc 
agggcgagga 
acggccacaa 
ccctgaagtt 
ccttcggcta 
tcttcaagtc 
acggcaacta 
tcgagctgaa 
acaactacaa 
tgaacttcaa 
agcagaacac 
accagtccgc 
tcgtgaccgc 



ccttattggt 
ttacaaatat 
cggccatgat 
caaagcaata 
tgatattgaa 
gaataacttc 
agaatttgca 
atcatggcct 
taggaattat 
ggacccagga 
atttgtcaaa 
atatatcaaa 
cgacgaggtg 
gctgttcacc 
gttcagcgtg 
catctgcacc 
cggcctgcag 
cgccatgccc 
caagacccgc 
gggcatcgac 
cagccacaac 
gatccgccac 
ccccatcggc 
cctgagcaaa 
cgccgggatc 



<210> 4 
<211> 1695 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for GFP:Rluc construct with linker 



240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1710 



<400> 4 

atggtgagca 

ggcgacgtaa 

ggcaagctga 

ctcgtgacca 

cagcacgact 

ttcaaggacg 

gtgaaccgca 

aagctggagt 

ggcatcaagg 

gaccactacc 

tacctgagca 

ctgctggagt 

ggatcaagct 

cccgagcaga 

aacgtgctgg 

atcttcctgc 

gagcccgtgg 

ggcaacggca 

ctgaacctgc 

cactacagct 



agggcgagga 
acggccacaa 
ccctgaagtt 
ccctgagcta 
tcttcaagtc 
acggcaacta 
tcgagctgaa 
acaactacaa 
tgaacttcaa 
agcagaacac 
cccagtccgc 
tcgtgaccgc 
tgcggtaccg 
ggaagaggat 
acagcttcat 
acggcaacgc 
ccaggtgcat 
gctacaggct 
ccaagaagat 
acgagcacca 



gctgttcacc 
gttcagcgtg 
catctgcacc 
cggcgtgcag 
cgccatgccc 
caagacccgc 
gggcatcgac 
cagccacaac 
gatccgccac 
ccccatcggc 
cctgagcaaa 
cgccgggatc 
cgggccctct 
gatcaccggc 
caactactac 
cgctagcagc 
catccccgat 
gctggaccac 
catcttcgtg 
ggacaagatc 



ggggtggtgc 
tccggcgagg 
accggcaagc 
tgcttcagcc 
gaaggctacg 
gccgaggtga 
ttcaaggagg 
gtctatatca 
aacatcgagg 
gacggccccg 
gaccccaacg 
actctcggca 
agagccacca 
ccccagtggt 
gacagcgaga 
tacctgtgga 
ctgatcggca 
tacaagtacc 
ggccacgact 
aaggccatcg 



ccatcctggt 
gcgagggcga 
tgcccgtgcc 
gctaccccga 
tccaggagcg 
agttcgaggg 
acggcaacat 
tggccgacaa 
acggcagcgt 
tgctgctgcc 
agaagcgcga 
tggacgagct 
tgaccagcaa 
gggccaggtg 
agcacgccga 
ggcacgtggt 
tgggcaagag 
tgaccgcctg 
ggggcgcctg 
tgcacgccga 



cgagctggac 
tgccacctac 
ctggcccacc 
ccacatgaag 
caccatcttc 
cgacaccctg 
cctggggcac 
gcagaagaac 
gcagctcgcc 
cgacaaccac 
tcacatggtc 
gtacaagtcc 
ggtgtacgac 
caagcagatg 
gaacgccgtg 
gccccacatc 
cggcaagagc 
gttcgagctc 
cctggccttc 
gagcgtggtg 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
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gacgtgatcg agagctggga cgagtggcca gacatcgagg aggacatcgc cctgatcaag 1260 

agcgaggagg gcgagaagat ggtgctggag aacaacttct tcgtggagac catgctgccc 1320 

agcaagatca tgagaaagct ggagcccgag gagttcgccg cctacctgga gcccttcaag 1380 

gagaagggcg aggtgagaag acccaccctg agctggccca gagagatccc cctggtgaag 1440 

ggcggcaagc ccgacgtggt gcagatcgtg agaaactaca acgcctacct gagagccagc 1500 

gacgacctgc ccaagatgtt catcgagagc gaccccggct tcttcagcaa cgccatcgtg 1560 

gagggcgcca agaagttccc caacaccgag ttcgtgaagg tgaagggcct gcacttcagc 1620 

caggaggacg cccccgacga gatgggcaag tacatcaaga gcttcgtgga gagagtgctg 1680 

aagaacgagc agtaa 1695 



<210> 5 
<211> 1704 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> DNA sequence for GFPl-caspase-3-Rluc construct 



<400> 5 

atggtgagca 

ggcgacgtaa 

ggcaagctga 

ctcgtgacca 

cagcacgact 

ttcaaggacg 

gtgaaccgca 

aagctggagt 

ggcatcaagg 

gaccactacc 

tacctgagca 

ctgctggagt 

ggatcaagct 

gtgtacgacc 

aagcagatga 

aacgccgtga 

ccccacatcg 

ggcaagagcg 

ttcgagctcc 

ctggccttcc 

agcgtggtgg 

ctgatcaaga 

atgctgccca 

cccttcaagg 

ctggtgaagg 

agagccagcg 

gccatcgtgg 

cacttcagcc 

agagtgctga 



agggcgagga 
acggccacaa 
ccctgaagtt 
ccctcagcta 
tcttcaagtc 
acggcaacta 
tcgagctgaa 
acaactacaa 
tgaacttcaa 
agcagaacac 
cccagtccgc 
tcgtgaccgc 
tgggcgacga 
ccgagcagag 
acgtgctgga 
tcttcctgca 
agcccgtggc 
gcaacggcag 
tgaacctgcc 
actacagcta 
acgtgatcga 
gcgaggaggg 
gcaagatcat 
agaagggcga 
gcggcaagcc 
acgacctgcc 
agggcgccaa 
aggaggacgc 
agaacgagca 



gctgttcacc 
gttcagcgtg 
catctgcacc 
cggcgtgcag 
cgccatgccc 
caagacccgc 
gggcatcgac 
cagccacaac 
gatccgccac 
ccccatcggc 
cctgagcaaa 
cgccgggatc 
ggtggacggc 
gaagaggatg 
cagcttcatc 
cggcaacgcc 
caggtgcatc 
ctacaggctg 
caagaagatc 
cgagcaccag 
gagctgggac 
cgagaagatg 
gagaaagctg 
ggtgagaaga 
cgacgtggtg 
caagatgttc 
gaagttcccc 
ccccgacgag 
gtaa 



ggggtggtgc 
tccggcgagg 
accggcaagc 
tgcttcagcc 
gaaggctacg 
gccgaggtga 
ttcaaggagg 
gtctatatca 
aacatcgagg 
gacggccccg 
gaccccaacg 
actctcggca 
gggccctcta 
atcaccggcc 
aactactacg 
gctagcagct 
atccccgatc 
ctggaccact 
atcttcgtgg 
gacaagatca 
gagtggccag 
gtgctggaga 
gagcccgagg 
cccaccctga 
cagatcgtga 
atcgagagcg 
aacaccgagt 
atgggcaagt 



ccatcctggt 
gcgagggcga 
tgcccgtgcc 
gctaccccga 
tccaggagcg 
agttcgaggg 
acggcaacat 
tggccgacaa 
acggcagcgt 
tgctgctgcc 
agaagcgcga 
tggacgagct 
gagccaccat 
cccagtggtg 
acagcgagaa 
acctgtggag 
tgatcggcat 
acaagtacct 
gccacgactg 
aggccatcgt 
acatcgagga 
acaacttctt 
agttcgccgc 
gctggcccag 
gaaactacaa 
accccggctt 
tcgtcaaggt 
acatcaagag 



cgagctggac 
tgccacctac 
ctggcccacc 
ccacatgaag 
caccatcttc 
cgacaccctg 
cctggggcac 
gcagaagaac 
gcagctcgcc 
cgacaaccac 
tcacatggtc 
gtacaagtcc 
gaccagcaag 
ggccaggtgc 
gcacgccgag 
gcacgtggtg 
gggcaagagc 
gaccgcctgg 
gggcgcctgc 
gcacgccgag 
ggacatcgcc 
cgtggagacc 
ctacctggag 
agagatcccc 
cgcctacctg 
cttcagcaac 
gaagggcctg 
cttcgtggag 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1704 



<210> 6 
<211> 6649 
<212> DNA 

<213> Artificial Sequence 



<220> 

<223> DNA sequence for Rluc-PKA-EYFP construct 
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<400> 6 • 

gacggatcgg gagatctccc gatcccctat ggtcgactct cagtacaatc tgctctgatg 60 

ccgcatagtt aagccagtat ctgctccctg cttgtgtgtt ggaggtcgct gagtagtgcg 120 

cgagcaaaat ttaagctaca acaaggcaag gcttgaccga caattgcatg aagaatctgc 180 

ttagggttag gcgttttgcg ctgcttcgcg atgtacgggc cagatatacg cgttgacatt 240 

gattattgac tagttattaa tagtaatcaa ttacggggtc attagttcat agcccatata 300 

tggagttccg cgttacataa cttacggtaa atggcccgcc tggctgaccg cccaaccacc 360 

cccgcccatt gacgtcaata atgacgtatg ttcccatagt aacgccaata gggactttcc 420 

attgacgtca atgggtggac tatttacggt aaactgccca cttggcagta catcaagtgt 480 

atcatatgcc aagtacgccc cctattgacg tcaatgacgg taaatggccc gcctggcatt 540 

atgcccagta catgacctta tgggactttc ctacttggca gtacatctac gtattagtca 600 

tcgctattac catggtgatg cggttttggc agtacatcaa tgggcgtgga tagcggtttg 660 

actcacgggg atttccaagt ctccacccca ttgacgtcaa tgggagtttg ttttggcacc 720 

aaaatcaacg ggactttcca aaatgtcgta acaactccgc cccattgacg caaatgggcg 780 

gtaggcgtgt acggtgggag gtctatataa gcagagctct ctggctaact agagaaccca 84 0 

ctgcttactg gcttatcgaa attaatacga ctcactatag ggagacccaa gctggctagc 900 

caccatgact tcgaaagttt atgatccaga acaaaggaaa cggatgataa ctggtccgca 960 

gtggtgggcc agatgtaaac aaatgaatgt tcttgattca tttattaatt attatgattc 1020 

agaaaaacat gcagaaaatg ctgttatttt tttacatggt aacgcggcct cttcttattt 1080 

atggcgacat gttgtgccac atattgagcc agtagcgcgg tgtattatac cagaccttat 1140 

tggtatgggc aaatcaggca aatctggtaa tggttcttat aggttacttg atcattacaa 1200 

atatcttact gcatggtttg aacttcttaa tttaccaaag aagatcattt ttgtcggcca 1260 

tgattggggt gcttgtttgg catttcatta tagctatgag catcaagata agatcaaagc 1320 

aatagttcac gctgaaagtg tagtagatgt gattgaatca tgggatgaat ggcctgatat 138 0 

tgaagaagat attgcgttga tcaaatctga agaaggagaa aaaatggttt tggagaataa 1440 

cttcttcgtg gaaaccatgt tgccatcaaa aatcatgaga aagttagaac cagaagaatt 1500 

tgcagcatat cttgaaccat tcaaagagaa aggtgaagtt cgtcgtccaa cattatcatg 1560 

gcctcgtgaa atcccgttag taaaaggtgg taaacctgac gttgtacaaa ttgttaggaa 162 0 

ttataatgct tatctacgtg caagtgatga tttaccaaaa atgtttattg aatcggaccc 1680 

aggattcttt tccaatgcta ttgttgaagg tgccaagaag tttcctaata ctgaatttgt 1740 

caaagtaaaa ggtcttcatt tttcgcaaga agatgcacct gatgaaatgg gaaaatatat 1800 

caaatcgttc gttgagcgag ttctcaaaaa tgaacaacgg gcccgggatc cgctgaggag 18 60 

ggccagcctg ggcgcggtac cggtcgccac catggtgagc aagggcgagg agctgttcac 1920 

cggggtggtg cccatcctgg tcgagctgga cggcgacgta aacggccaca agttcagcgt 198.0 

gtccggcgag ggcgagggcg atgccaccta cggcaagctg accctgaagt tcatctgcac 2040 

caccggcaag ctgcccgtgc cctggcccac cctcgtgacc accttcggct acggcctgca 2100 

gtgcttcgcc cgctaccccg accacatgaa gcagcacgac ttcttcaagt ccgccatgcc 2160 

cgaaggctac gtccaggagc gcaccatctt cttcaaggac gacggcaact acaagacccg 2220 

cgccgaggtg aagttcgagg gcgacaccct ggtgaaccgc atcgagctga agggcatcga 2280 

cttcaaggag gacggcaaca tcctggggca caagctggag tacaactaca acagccacaa 2340 

cgtctatatc atggccgaca agcagaagaa cggcatcaag gtgaacttca agatccgcca 2400 

caacatcgag gacggcagcg tgcagctcgc cgaccactac cagcagaaca cccccatcgg 24 60 

cgacggcccc gtgctgctgc ccgacaacca ctacctgagc taccagtccg ccctgagcaa 2520 

agaccccaac gagaagcgcg atcacatggt cctgctggag ttcgtgaccg ccgccgggat 2580 

cactctcggc atggacgagc tgtacaagta aagcggccgc tcgagtctag agggcccgtt 2640 

taaacccgct gatcagcctc gactgtgcct tctagttgcc agccatctgt tgtttgcccc 2700 

tcccccgtgc cttccttgac cctggaaggt gccactccca ctgtcctttc ctaataaaat 2760 

gaggaaattg catcgcattg tctgagtagg tgtcattcta ttctgggggg tggggtgggg 2820 

caggacagca agggggagga ttgggaagac aatagcaggc atgctgggga tgcggtgggc 2880 

tctatggctt ctgaggcgga aagaaccagc tggggctcta gggggtatcc ccacgcgccc 2940 

tgtagcggcg cattaagcgc ggcgggtgtg gtggttacgc gcagcgtgac cgctacactt 3000 

gccagcgccc tagcgcccgc tcctttcgct ttcttccctt cctttctcgc cacgttcgcc 3060 

ggctttcccc gtcaagctct aaatcggggc atccctttag ggttccgatt tagtgcttta 3120 

cggcacctcg accccaaaaa acttgattag ggtgatggtt cacgtagtgg gccatcgccc 318 0 

tgatagacgg tttttcgccc tttgacgttg gagtccacgt tctttaatag tggactcttg 3240 

ttccaaactg gaacaacact caaccctatc tcggtctatt cttttgattt ataagggatt 3300 
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ttggggattt cggcctattg gttaaaaaat gagctgattt aacaaaaatt taacgcgaat 3360 

taattctgtg gaatgtgtgt cagttagggt gtggaaagtc cccaggctcc ccaggcaggc 3420 

agaagtatgc aaagcatgca tctcaattag tcagcaacca ggtgtggaaa gtccccaggc 3480 

tccccagcag gcagaagtat gcaaagcatg catctcaatt agtcagcaac catagtcccg 3540 

cccctaactc cgcccatccc gccccLaact ccgcccagtt ccgcccattc tccgccccat 3600 

ggctgactaa ttttttttat ttatgcagag gccgaggccg cctctgcctc tgagctattc 3660 

cagaagtagt gaggaggctt ttttggaggc ctaggctttt gcaaaaagct cccgggagct 3720 

tgtatatcca ttttcggatc tgatcagcac gtgttgacaa ttaatcatcg gcatagtata 3780 

tcggcatagt ataatacgac aaggtgagga actaaaccat ggccaagttg accagtgccg 3840 

ttccggtgct caccgcgcgc gacgtcgccg gagcggtcga gttctggacc gaccggctcg 3900 

ggttctcccg ggacttcgtg gaggacgact tcgccggtgt ggtccgggac gacgtgaccc 3960 

tgttcatcag cgcggtccag gaccaggtgg tgccggacaa caccctggcc tgggtgtggg 4020 

tgcgcggcct ggacgagctg tacgccgagt ggtcggaggt cgtgtccacg aacttccggg 4080 

acgcctccgg gccggccatg accgagatcg gcgagcagcc gtgggggcgg gagttcgccc 414 0 

tgcgcgaccc ggccggcaac tgcgtgcact tcgtggccga ggagcaggac tgacacgtgc 4200 

tacgagattt cgattccacc gccgccttct atgaaaggtt gggcttcgga atcgttttcc 42 60 

gggacgccgg ctggatgatc ctccagcgcg gggatctcat gctggagttc ttcgcccacc 4320 

ccaacttgtt tattgcagct tataatggtt acaaataaag caatagcatc acaaatttca 4380 

caaataaagc atttttttca ctgcattcta gttgtggttt gtccaaactc atcaatgtat 4440 

cttatcatgt ctgtataccg tcgacctcta gctagagctt ggcgtaatca tggtcatagc 4500 

tgtttcctgt gtgaaattgt tatccgctca caattccaca caacatacga gccggaagca 4560 

taaagtgtaa agcctggggt gcctaatgag tgagctaact cacattaatt gcgttgcgct 4620 

cactgcccgc tttccagtcg ggaaacctgt cgtgccagct gcattaatga atcggccaac 4680 

gcgcggggag aggcggtttg cgtattgggc gctcttccgc ttcctcgctc actgactcgc 4740 

tgcgctcggt cgttcggctg cggcgagcgg tatcagctca ctcaaaggcg gtaatacggt 4800 

tatccacaga atcaggggat aacgcaggaa agaacatgtg agcaaaaggc cagcaaaagg 4860 

ccaggaaccg taaaaaggcc gcgttgctgg cgtttttcca taggctccgc ccccctgacg 4920 

agcatcacaa aaatcgacgc tcaagtcaga ggtggcgaaa cccgacagga ctataaagat 498 0 

accaggcgtt tccccctgga agctccctcg tgcgctctcc tgttccgacc ctgccgctta 5040 

ccggatacct gtccgccttt ctcccttcgg gaagcgtggc gctttctcaa tgctcacgct 5100 

gtaggtatct cagttcggtg taggtcgttc gctccaagct gggctgtgtg cacgaacccc 5160 

ccgttcagcc cgaccgctgc gccttatccg gtaactatcg tcttgagtcc aacccggtaa 5220 

gacacgactt atcgccactg gcagcagcca ctggtaacag gattagcaga gcgaggtatg 5280 

taggcggtgc tacagagttc ttgaagtggt ggcctaacta cggctacact agaaggacag 5340 

atttggtatc tgcgctctgc tgaagccagt taccttcgga aaaagagttg gtagctcttg 5400 

atccggcaaa caaaccaccg ctggtagcgg tggttttttt gtttgcaagc agcagattac 5460 

gcgcagaaaa aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca . 5520 

gtggaacgaa aactcacgtt aagggatttt ggtcatgaga ttatcaaaaa ggatcttcac 5580 

ctagatcctt ttaaattaaa aatgaagtt.t taaatcaatc taaagtatat atgagtaaac 5640 

•ttggtctgac agttaccaat gcttaatcag tgaggcacct atctcagcga tctgtctatt 5700 

tcgttcatcc atagttgcct gactccccgt cgtgtagata actacgatac gggagggctt 57 60 

accatctggc cccagtgctg caatgatacc gcgagaccca cgctcaccgg ctccagattt 5820 

atcagcaata aaccagccag ccggaagggc cgagcgcaga agtggtcctg caactttatc 5880 

cgcctccatc cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa 594 0 

tagtttgcgc aacgttgttg ccattgctac aggcatcgtg gtgtcacgct cgtcgtttgg 6000 

tatggcttca ttcagctccg gttcccaacg atcaaggcga gttacatgat cccccatgtt 6060 

gtgcaaaaaa gcggttagct ccttcggtcc tccgatcgtt gtcagaagta agttggccgc 6120 

agtgttatca ctcatggtta tggcagcact gcataattct cttactgtca tgccatccgt 6180 

aagatgcttt tctgtgactg gtgagtactc aaccaagtca ttctgagaat agtgtatgcg 6240 

gcgaccgagt tgctcttgcc cggcgtcaat acgggataat accgcgccac atagcagaac 6300 

tttaaaagtg ctcatcattg gaaaacgttc ttcggggcga aaactctcaa ggatcttacc 6360 

gctgttgaga tccagttcga tgtaacccac tcgtgcaccc aactgatctt cagcatcttt 6420 

tactttcacc agcgtttctg ggtgagcaaa aacaggaagg caaaatgccg caaaaaaggg 6480 

aataagggcg acacggaaat gttgaatact catactcttc ctttttcaat attattgaag 6540 

catttatcag ggttattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa 6600 

acaaataggg gttccgcgca catttccccg aaaagtgcca cctgacgtc 664 9 
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<210> 7 
<211> 1721 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for keraptide-GFP-Rluc construct 



<400> 7 

atgggcctga 

gggtggtgcc 

ccggcgaggg 

ccggcaagct 

gcttcagccg 

aaggctacgt 

ccgaggtgaa 

tcaaggagga 

tctatatcat 

acatcgagga 

acggccccgt 

accccaacga 

ctctcggcat 

gagccaccat 

cgcagtggtg 

attcagaaaa 

atttatggcg 

ttattggtat 

acaaatatct 

gccatgattg 

aagcaatagt 

atattgaaga 

ataacttctt 

aatttgcagc 

catggcctcg 

ggaattataa 

acccaggatt 

ttgtcaaagt 

atatcaaatc 



ggagggccag 
catcctggtc 
cgagggcgat 
gcccgtgccc 
ctaccccgac 
ccaggagcgc 
gttcgagggc 
cggcaacatc 
ggccgacaag 
cggcagcgtg 
gctgctgccc 
gaagcgcgat 
ggacgagctg 
gacttcgaaa 
ggccagatgt 
acatgcagaa 
acatgttgtg 
gggcaaatca 
tactgcatgg 
gggtgcttgt 
tcacgctgaa 
agatattgcg 
cgtggaaacc 
atatcttgaa 
tgaaatcccg 
tgcttatcta 
cttttccaat 
aaaaggtctt 
gttcgttgag 



cctgggccca 
gagctggacg 
gccacctacg 
tggcccaccc 
cacatgaagc 
accatcttct 
gacaccctgg 
ctggggcaca 
cagaagaacg 
cagctcgccg 
gacaaccact 
cacatggtcc 
tacaagtccg 
gtttatgatc 
aaacaaatga 
aatgctgtta 
ccacatattg 
ggcaaatctg 
tttgaacttc 
ttggcatttc 
agtgtagtag 
ttgatcaaat 
atgttgccat 
ccattcaaag 
ttagtaaaag 
cgtgcaagtg 
gctattgttg 
catttttcgc 
cgagttctca 



tggtgagcaa 
gcgacgtaaa 
gcaagctgac 
tcgtgaccac 
agcacgactt 
tcaaggacga 
tgaaccgcat 
agctggagta 
gcatcaaggt 
accactacca 
acctgagcac 
tgctggagtt 
gatccagctt 
cagaacaaag 
atgttcttga 
tttttttaca 
agccagtagc 
gtaatggttc 
ttaatttacc 
attatagcta 
atgtgattga 
ctgaagaagg 
caaaaatcat 
agaaaggtga 
gtggtaaacc 
atgatttacc 
aaggtgccaa 
aagaagatgc 
aaaatgaaca 



gggcgaggag 
cggccacaag 
cctgaagttc 
cctgagctac 
cttcaagtcc 
cggcaactac 
cgagctgaag 
caactacaac 
gaacttcaag 
gcagaacacc 
ccagtccgcc 
cgtgaccgcc 
gcggtaccgc 
gaaacggatg 
ttcatttatt 
tggtaacgcg 
gcggtgtatt 
ttataggtta 
aaagaagatc 
tgagcatcaa 
atcatgggat 
agaaaaaatg 
gagaaagtta 
agttcgtcgt 
tgacgttgta 
aaaaatgttt 
gaagtttcct 
acctgatgaa 
a 



ctgttcaccg 
ttcagcgtgt 
atctgcacca 
ggcgtgcagt 
gccatgcccg 
aagacccgcg 
ggcatcgact 
agccacaacg 
atccgccaca 
cccatcggcg 
ctgagcaaag 
gccgggatca 
gggccctcta 
ataactggtc 
aattattatg 
gcctcttctt 
ataccagacc 
cttgatcatt 
atttttgtcg 
gataagatca 
gaatggcctg 
gttttggaga 
gaaccagaag 
ccaacattat 
caaattgtta 
attgaatcgg 
aatactgaat 
atgggaaaat 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1721 



<210> 8 
<211> 1719 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> DNA sequence for GFP-Rluc-kemptide construct 



<400> 8 

atggtgagca 

ggcgacgtaa 

ggcaagctga 

ctcgtgacca 

cagcacgact 

ttcaaggacg 



agggcgagga 
acggccacaa 
ccctgaagtt 
ccctgagcta 
tcttcaagtc 
acggcaacta 



gctgttcacc 
gttcagcgtg 
catctgcacc 
cggcgtgcag 
cgccatgccc 
caagacccgc 



ggggtggtgc 
tccggcgagg 
accggcaagc 
tgcttcagcc 
gaaggctacg 
gccgaggtga 



ccatcctggt 
gcgagggcga 
tgcccgtgcc 
gctaccccga 
tccaggagcg 
agttcgaggg 



cgagctggac 
tgccacctac 
ctggcccacc 
ccacatgaag 
caccatcttc 
cgacaccctg 



60 
120 
180 
240 
300 
360 
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gtgaaccgca 
aagctggagt 
ggcatcaagg 
gaccactacc 
tacctgagca 
ctgctggagt 
ggatccagct 
ccagaacaaa 
aatgttcttg 
atttttttac 
gagccagtag 
ggtaatggtt 
cttaatttac 
cattatagct 
gatgtgattg 
tctgaagaag 
tcaaaaatca 
gagaaaggtg 
ggtggtaaac 
gatgatttac 
gaaggtgcca 
caagaagatg 
aaaaatgaac 



tcgagctgaa 
acaactacaa 
tgaacttcaa 
agcagaacac 
cccagtccgc 
tcgtgaccgc 
tgcggtaccg 
ggaaacggat 
attcatttat 
atggtaacgc 
cgcggtgtat 
cttataggtt 
caaagaagat 
atgagcatca 
aatcatggga 
gagaaaaaat 
tgagaaagtt 
aagttcgtcg 
ctgacgttgt 
caaaaatgtt 
agaagtttcc 
cacctgatga 
aaagatctct 



gggcatcgac 
cagccacaac 
gatccgccac 
ccccatcggc 
cctgagcaaa 
cgccgggatc 
cgggccctct 
gataactggt 
taattattat 
ggcctcttct 
tataccagac 
acttgatcat 
catttttgtc 
agataagatc 
tgaatggcct 
ggttttggag 
agaaccagaa 
tccaacatta 
acaaattgtt 
tattgaatcg 
taatactgaa 
aatgggaaaa 
gaggagggcc 



ttcaaggagg 
gtctatatca 
aacatcgagg 
gacggccccg 
gaccccaacg 
actctcggca 
agagccacca 
ccgcagtggt 
gattcagaaa 
tatttatggc 
cttattggta 
tacaaatatc 
ggccatgatt 
aaagcaatag 
gatattgaag 
aataacttct 
gaatttgcag 
tcatggcctc 
aggaattata 
gacccaggat 
tttgtcaaag 
tatatcaaat 
agcctgggc 



acggcaacat 
tggccgacaa 
acggcagcgt 
tgctgctgcc 
agaagcgcga 
tggacgagct 
tgacttcgaa 
gggccagatg 
aacatgcaga 
gacatgttgt 
tgggcaaatc 
ttactgcatg 
ggggtgcttg 
ttcacgctga 
aagatattgc 
tcgtggaaac 
catatcttga 
gtgaaatccc 
atgcttatct 
tcttttccaa 
taaaaggtct 
cgttcgttga 



cctggggcac 
gcagaagaac 
gcagctcgcc 
cgacaaccac 
tcacatggtc 
gtacaagtcc 
agtttatgat 
taaacaaatg 
aaatgctgtt 
gccacatatt 
aggcaaatct 
gtttgaactt 
tttggcattt 
aagtgtagta 
gttgatcaaa 
catgttgcca 
accattcaaa 
gttagtaaaa 
acgtgcaagt 
tgctattgtt 
tcatttttcg 
gcgagttctc 



<210> 9 
<211> 33 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense strand of enterokinase site coding sequence 
<400> 9 

gatccgggcg acgatgacga taagttggcg gta 

<210> 10 
<211> 26 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense strand of enterokinase site coding 
sequence 

<400> 10 

cgccaactta tcgtcatcgt cgcccg 

<210> 11 
<211> 37 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense strand of caspase-3 site coding sequence 



420 
480 
540 
600 
660 
720 
780 
840 
900 
960 
1020 
1080 
1140 
1200 
1260 
1320 
1380 
1440 
1500 
1560 
1620 
1680 
1719 



33 



26 
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gatccggccg acgaggtgga cggcgaatcc gcggtac 37 

<210> 12 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense strand of caspase-3 site coding sequence 
<400> 12 

cgcggattcg ccgtccacct cgtcggccg 29 

<210> 13 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> linker sequence 
<400> 13 

tccggatcaa gcttgcggta ccgcgggccc tctagagcca ccatg 45 

<210> 14 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense strand of caspase-3 site coding sequence 
<400> 14 

agcttgggcg acgaggtgga cggcgggcc 29 

<210> 15 
<211> 21 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense strand of caspase-3 site coding sequence 
<400> 15 

acccgctgct ccacctgccg c 21 

<210> 16 
<211> 7 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> protein kinase A phosphorylation site 
<400> 16 

Leu Arg Arg Ala Ser Leu Gly 
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sense strand of Protein Kinase A site coding 
sequence 



<210> 17 
<211> 34 
<212> DNA 

<213> Artificial Sequence 

<220> 
<223> 



<400> 17 

gatccgctga ggagggccag cctgggcgcg gtac 

<210> 18 
<211> 26 
<212> DNA 

<213> Artificial Sequence 



34 



<220> 

<223> Antisense strand of Protein Kinase A site coding 
sequence 

<400> 18 

cgcgcccagg ctggccctcc tcagcg 2 6 

<210> 19 
<211> 29 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 19 

catgccatgg gccaccatgg tgagcaagg 29 

<210> 20 
<211> 23 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
<400> 20 

cgggatccgg acttgtacag etc 23 

<210> 21 
<211> 56 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PCR Primer 
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<400> 21 

cgggatccag cttgcggtac cgcgggccct ctagagccac catgacttcg aaagtt 56 

<210> 22 
<21i> 30 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> PGR Primer 
<400> 22 

gaagatcttt gttcattttt gagaactcgc 30 

<210> 23 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense strand of kemptide coding sequence 
<400> 23 

catgggccac catgggcctg aggagggcca gcctgggcc 39 

<210> 24 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense strand of kemptide coding sequence 
<400> 24. 

ccggtggtac ccggactcct cccggtcgga cccgggtac 39 

<210> 25 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> sense strand of kemptide coding sequence 
<400> 25 

gatctctgag gagggccagc ctgggca 27 

<210> 26 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Antisense strand of kemptide coding sequence 
<400> 26 

11 
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agactcctcc cggtcggacc cgtctag 27 
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